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Abstract 
Whether the neuropil is a static, optimally wired entity, whose components must be 
balanced in a certain way, is an open question. Are the proportions of the components 
of the neuropil consistent across different mammalian cortices, especially in primates 
where the cerebral cortex is complexly organized? This question is interesting 
because the actual biological underpinnings of complex behaviours and intelligence in 
big-brained primates remain enigmatic and why they seem qualitatively different from 
other animals in terms of their cognitive abilities. Understanding changes that may 
have occurred in the brain, especially at the level of neuropil organization, during the 
evolution in primates is important to our growing understanding of the intellectual 
abilities and behaviours exhibited by members of this group. The current series of 
quantitative studies was aimed at investigating variations in the proportionality of the 
“wire fraction” in three primate species, the olive baboon (Papio anubis), vervet 
monkey (Cercopithecus aethiops) and the common chimpanzee (Pan troglodytes), in 
a range of higher and lower order cortical areas, using a newly developed method that 
involves standard and immunohistochemical staining techniques to reveal and 
quantify the various profiles of the fine structures of the cerebral cortex. The results of 
these studies demonstrate clear layer differences in the wire fraction of the cerebral 
cortex, and for the most part, consistency in the neuropil wire fraction of the same 
layer across areas of the cerebral cortex within and between individuals of the same 
species; however, differences in the wire fraction of the neuropil were associated with 
changes in brain size. It is apparent that the neuropil is not static, as wiring 
“optimality” changes with layers and brain size and this has functional implications 
regarding neuronal processing and behavioural outcomes. The adaptive rationale 
adopted by evolutionary psychology studies to explain behaviours may be erroneous, 
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as adaptation does not always explain sufficiently the emergence of complex 
behaviours related to brain size increases, especially in primates. 
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CHAPTER 1 
1.1 Introduction: 
Understanding changes that may have occurred in the brain during the evolution of 
humans is critical to understanding the intellectual abilities and behavior of this species both 
in the past and in the present (Sherwood et al., 2004, 2006; Elston et al., 2006). The actual 
biological underpinnings of human intelligence remain enigmatic and there still remains great 
confusion and controversy regarding the mechanisms that enable humans to conceptualize, 
plan, and prioritize, and why they are set apart from other animals in terms of their cognitive 
abilities. Previous studies have revealed that there is an increasing complexity of the dendritic 
arbors of the pyramidal cells in certain cortical areas of the brain associated with higher 
cognitive functions with increasing brain size (Elston et al., 2005a,b,c,d,e,f,g, 2006). From 
this, we can be tempted to think that human intelligence may stem from increases in circuit 
complexity reflected by dendritic arbor complexity. Alternatively intellectual abilities could 
arise from modifications in the arrangement of axons and dendritic processes (the wire) in a 
given manner in the neuropil; however, the actual arrangement of the wire in the neuropil is 
poorly understood, especially among primates (Sherwood et al., 2004; Elston et al., 2006). 
The neuropil is that region of the brain located between the neuronal cell bodies in the 
grey matter and is constituted by a mixture of dendritic processes, axons, myelin, glial cells 
and extracellular space. The neuropil is perhaps the most crucial part of the brain in terms of 
connectivity and information processing as it is only in this region where neurons make 
contact, and thus is the region that can receive and transmit information between neurons for 
processing (Chklovskii et al., 2002; Stepanyants et al., 2004). This is an as yet mostly 
unexplored region of the brain in comparative terms among primates and other mammals, but 
is of key interest in understanding problems surrounding the evolution of the brain. 
Furthermore, the components of the neuropil (dendritic processes, axons, myelin, glial cells 
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and intercellular space) are thought to have to be balanced in a specific proportionality for 
efficient circuitry and neuronal information processing to occur (Chklovskii et al., 2002; 
Stepanyants et al., 2004). The axons and dendritic processes comprise the wire in the 
neuropil, while the remaining components of the neuropil, namely myelin, glial cells and 
intercellular space, are considered non-wire (Chklovskii et al., 2002). Theoretical and 
experimental studies by Chklovskii and others (2002) showed that the volume of wire (axons 
and dendritic processes) necessary for efficient information processing in the neuropil, should 
be 3/5 (60%) of the neuropil’s total volume. This fraction is what has been designated the 
“wire fraction”; but importantly, this quantification has only been experimentally determined 
in laboratory mice (Chklovskii et al., 2002).  
Chklovskii et al. (2002) consider that the wiring of the brain presents a formidable 
problem as neural circuits require an enormous number of fast and durable connections. 
Moreover, they suggested that during the evolutionary process, it would be likely for neural 
circuits that: (1) minimize conduction delays in axons; (2) minimize passive cable attenuation 
in dendrites; (3) minimize the length of wire used to construct circuits; and (4) maximize the 
density of synapses, to undergo positive natural selection. Neuronal circuit complexity is 
thought to enhance information processing (Chklovskii et al., 2002; Stepanyants et al., 2004; 
Elston et al., 2006). In primates, dendritic arbor complexity has been demonstrated to 
increase from primary sensory areas through to the higher order integrative areas, observed as 
increases in basal dendritic area, dendritic branching and spine numbers (Elston et al., 
2005a,b,c,d,e,f,g, 2006). An increase in dendritic arbor complexity and size in cortical areas 
has been proposed to underlie increasingly complex behaviours associated with primates of 
larger brain size (Elston et al., 2005a,b,c,d,e,f,g, 2006; Sherwood et al., 2006). Since brain 
information processing and function relies on the specificity of synaptic connectivity patterns 
among different classes of neurons, complex dendritic arborization may therefore be 
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perceived to indicate functional complexity in the cortical areas that have a dense network of 
dendrites and spines in their neuropil (Stepanyants et al., 2004). 
Further, Chklovskii et al. (2002) note that a microlitre of cortex contains 
approximately 105 neurons, 109 synapses, and 4 km of axons. In this scenario, each cortical 
neighborhood must not only pack the cellular components at high density, but must also have 
just the right balance of components. For example, if too many dendrites are present in a 
particular millilitre of cortex, insufficient space would remain for the axons and synapses 
needed to make the required circuit connections. Balancing the components of the neuropil in 
the appropriate way leads to an efficient circuitry, thus conferring enhanced cortical function. 
Cortical function is, therefore, thought to be most efficient when the volume of axons and 
dendrites make up 3/5 (60%) of the neuropil volume (Chklovskii et al., 2002). 
While much information has been gained regarding the differences in dendritic arbor 
complexity among cortical areas of the primate brain (Elston et al., 2005a,b,c,d,e,f, g, 2006), 
and the way some components of the neuropil can scale with brain size (Sherwood et al., 
2006), the way the wire and non-wire components of the neuropil (dendritic processes, axons, 
myelin, glial cells and extracellular space) are balanced has not been investigated for a range 
of homologous areas of the cerebral cortex of primates. Given this background, and the 
dearth of information regarding the neuropil in an evolutionary sense, especially in primates, 
it was considered of interest to determine whether or not there exists primate specificities, as 
well as cortical area specificities, in the wire fraction of the neuropil. Investigating the wire 
fraction in primates of various brain sizes is thought to have a bearing on inferences 
regarding complex behaviours observed in primates with larger brains, especially that of 
humans.  
Studies have shown that there is variation in the volume of the neuropil as brain size 
changes (Rockel et al., 1980; De Sousa et al., 2010).  In bigger brains, cellular volume 
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density decreases (with the exception of V1 in primates), glial cell volume density increases 
and so does dendritic arbor complexity (Rockel et al., 1980; Haug, 1987; Watanabe-
Sawaguchi et al., 1991; Elston et al., 2005a,b,c,d,e,f,g, 2006; Sherwood, et al., 2006; De 
Sousa et al., 2010). This means that bigger brains have a greater neuropil volume compared 
to smaller brains; however, cell volume density in the primate visual cortex, V1, is higher 
than any cortical area of other mammals (De Sousa et al., 2010). This may mean that the 
volume of neuropil in primate area V1 will always be smaller than in any other cortical area. 
Sherwood et al., (2004) postulate that the proportion of the cerebral cortex occupied by the 
neuropil is an indirect indicator of the extent of synaptic connectivity within a region of 
cortex, and that as apes have a greater neuropil volume (due to the lower volume of the cortex 
occupied by cell bodies), potentially indicating relatively more space occupied by the wire 
component of the neuropil, that this may possibly provide enhanced integrative capacities. 
Thus, there are some potentially conflicting scenarios in terms of the neuropil and how it may 
be altered, if it is altered, with changes in brain size.  
The current study thus investigates the variation in the microstructural organization 
and proportion of three components of the neuropil (myelin, dendrites and glial 
cells+processes) in various cortical areas of primate brains, specifically targeting a number of 
Brodmann’s areas representing the visual (area 17 or V1, area 18 or V2, and prelunate gyrus, 
which in most primates includes area  V4), primary somatosensory (area 3b and area 1), 
motor (area 4 or M1), frontopolar cortex, which due to its granular nature we call this area 10, 
anterior cingulate (area 24) and posterior cingulate (area 23) cortices. This selection of 
cortical areas covers those considered to be primary and early sensory areas and those 
considered to be higher order integrative areas. The primates targeted for study in the present 
investigation include the vervet monkey (Cercopithecus aethiops), olive baboon (Papio 
anubis) and common chimpanzee (Pan troglodytes). This range of species provides a 
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comparative view that appreciates differences in brain size, ranging from small in the vervet 
monkey (Cercopithecus aethiops) to large in the common chimpanzee (Pan troglodytes). 
This study, therefore, seeks to answer three fundamental questions regarding the 
neuropil: 1. Does the proportion of the components of the neuropil across the cortical mantle 
of the same brain show consistency? 2. Does the proportion of components of the neuropil in 
homologous cortical areas of the brains of individuals of the same species stay constant? 3. 
Do the proportions of the neuropil in homologous cortical areas change with increases in 
brain mass?  In this study, we have developed a technique to examine the proportionality of 
three components of the neuropil, the myelin (as revealed with silver staining techniques), 
dendrites (as revealed with immunohistochemistry for MAP-2) and glia (that portion of glia 
revealed with GFAP immunohistochemistry), and use this technique to provide data relevant 
to the questions posed above. 
 
1.2 Aims of the study: 
This study had three main aims: 
Aim 1: To investigate whether or not the proportions of three components of the neuropil, 
myelin, dendrites and glial cells+processes, vary in the different cortical areas across the 
cortical mantle in the same individual. 
Aim 2: To investigate whether or not the proportions of these three components of the 
neuropil change when examining homologous cortical areas between individuals of the same 
species. 
Aim 3: To investigate whether or not the proportions of these three components of the 
neuropil change when examining homologous cortical areas between species with differences 
in brain size. 
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The results of this study will provide us with data that may determine whether the 
proportions of the three components of the neuropil vary in primates in a predictable manner 
or whether there is a static anatomy to this important organizational level of the brain. By 
looking at a range of species, we should be able to see if the proportions of the neuropil 
change with changes in brain size and the accompanying changes in neural complexity 
previously described (Elston et al., 2006).  
 From these studies, significant insights into one aspect of the “mental machinery” 
that was available to our fossil ancestors will be gained, and how these creatures may have 
been able to use their brains in the environments in which they found themselves. 
 
1.3 Individual chapters: 
1.3.1 Chapter 2: Materials and Methods:  
Focuses on the animals used in the study and the development of the method used to 
study the anatomy of the neuropil in the somatosensory, motor, visual and cingulate cortical 
areas with a view to determine whether the glia, dendrites and myelin components of the 
neuropil changes or remains consistent across the cortical mantles of the vervet monkey 
(Cercopithecus aethiops), olive baboon (Papio anubis) and common chimpanzee (Pan 
troglodytes). 
 
1.3.2 Chapter 3: Baboon results: 
Chapter three presents results obtained in the analysis of the different cortical regions 
from the olive baboons (Papio anubis).  
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1.3.3 Chapter 4:Vervet Monkey results: 
Chapter four looks at the findings obtained from the analysis on the components of 
the neuropil examined in different cortical regions from the vervet monkey (Cercopithecus 
aethiops).  
 
1.3.4 Chapter 5: Common Chimpanzee results: 
 Chapter five details the results obtained from examining components of the neuropil 
in the common chimpanzee (Pan troglodytes). 
 
1.3.5 Chapter 6: Discussion: 
 Chapter six discusses the results regarding consistency of the neuropil in the three 
species studied, namely baboon (Papio anubis), vervet monkey (Cercopithecus aethiops) and 
common chimpanzee (Pan troglodytes). 
 
1.3.6 Chapter 7: Trend analysis: 
This chapter assesses the investigations done on the anatomical proportionality of 
three components of the neuropil and the cellular components in the cerebral cortex of the 
three primate species studied to assess possible trends related to brain mass that may be 
evident from these investigations.  
 
1.3.7 Chapter 8: Cortical columns analysis: 
This chapter assesses the investigations done on the anatomical proportionality of 
three components of the neuropil and the cellular component in relation to the cortical 
columns (the central anatomical substrate for physiological processing) of the cerebral cortex 
within the three primate species investigated 
 8 
 
1.3.8 Chapter 9: Conclusion: 
Chapter nine provides concluding remarks on the study of the anatomy of the neuropil 
(whether looked at in individual layers or in cortical columns as a whole ) in different primate 
species and how these components, namely, dendrites, myelin and glia, change with changes 
in brain size in the three species studied. It also looks at current theoretical issues arising 
from similar studies, some emerging aspects resulting from this study and any future 
theoretical issues on evolution of the neuropil.  
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CHAPTER 2 
2.1 Materials and Methods: 
2.1.1 Animals and Fixation: 
Brains of two mature male Olive baboons (Papio anubis), two adult male vervet 
monkeys (Cercopithecus aethiops) and two female common chimpanzees (Pan troglodytes)   
were used in this study.  Baboon 1 had a body mass of 23.5 kg and a brain mass of 168.1 g, 
while Baboon 2 had a body mass of 24.3 kg and a brain mass of 198 g. Vervet monkey 1 had 
a body mass of 5.6 kg and a brain mass of 71.8 g, while Vervet monkey 2 had a body mass of 
2.85 kg and a brain mass of 64.9 g. Chimpanzee 1 was a 17.8 year old sub-adult with an 
estimated brain mass of 404.6 g and a body mass of 74.5 kg, while chimpanzee 2, a 44.4 year 
old mature individual, had a body mass of 67 kg, and an estimated brain mass of 365 g. Both 
baboons and vervet monkeys were captured from wild populations in Kenya and were treated 
and used according to the guidelines of the University of the Witwatersrand Animal Ethics 
Committee as well as the Kenya National Museum’s Institute of Primate Research (IPR) 
Animal Ethics Committee. The Olive baboons (Papio anubis) and vervet monkeys 
(Cercopithecus aethiops) were euthanazed (Euthanaze, 1 ml/kg, i.p.) and upon cessation of 
respiration, perfused intracardially with an initial rinse of 0.9% saline solution at 4ºC (1 l/kg 
body mass) followed by fixation with 4% paraformaldehyde in 0.1M phosphate buffer (PB) 
at 4ºC (1 l/kg body mass). After removal from the skull, each brain was post-fixed overnight 
in the 4% paraformaldehyde solution and subsequently stored in an anti-freeze solution at –
20ºC. Brain tissue from the common chimpanzees (Pan troglodytes) was obtained post-
mortem (supplied courtesy of Prof. Patrick Hof) after immersion fixation in 10% buffered 
formalin and subsequently stored in an anti-freeze solution at –20ºC.  
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2.1.2 Selection of Cortical Regions for Processing: 
The nine cortical areas chosen in the study represented a range of cortical areas, from 
lower order areas through to higher order areas and relate to previously studied areas (Elston 
et al., 2005a,b,c,d,e,f). Occipital cortex (OC) was sampled as a single tissue strip/block 
covering areas posterior and anterior to the lunate sulcus, to incorporate Brodmann’s areas 17 
(V1, or primary visual cortex), 18 (V2, or secondary visual cortex) and prelunate gyrus, 
which in most primates include area V4 (Figures 2.1, 2.2). Cortical areas spanning the central 
sulcus (CS) were sampled as a single strip/block of tissue to cover areas anterior and 
posterior to the central sulcus from both the frontal and parietal lobes. Areas examined from 
this block included Brodmann’s areas 4 (M1, or primary motor cortex corresponding to sub 
area 4b in the baboon, Watanabe-Sawaguchi et al., 1991), area 3b (or primary somatosensory 
cortex), and area 1 (Figures 2.1, 2.2). Frontopolar cortex was sampled a few millimeters 
caudal to the anterior pole of the frontal lobe in a region corresponding to Brodmann’s area 
10 (granular dorsolateral prefrontal cortex, Elston et. al., 2011) (Figures 2.1, 2.2). Anterior 
cingulate (AC) and posterior cingulate (PC) cortical blocks were taken from the cingulate 
gyrus just above the genu (area 24) and splenium (area 23) of the corpus callosum (Figures 
2.1, 2.2). These five tissue blocks were excised from the left hemisphere of each brain.  
 
2.1.3 Processing of Tissue Blocks, Sectioning and Staining: 
The blocks of cortical tissue were allowed to equilibrate in 30% sucrose in 0.1M PB 
and then rapidly frozen in crushed dry ice.  These blocks were mounted to a stage and 
sectioned on a sliding microtome using dry ice to keep them cold. A one in four series of 
sections was made for Nissl substance, myelin, glial fibrilliary acidic protein (GFAP) and 
microtubule associated protein-2 (MAP2). From each block, three 50 µm and three 25 µm 
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sections were taken for each stain, allowing us to visual the overall architecture of each 
cortical area.  In addition to this, for each block twelve 14 µm sections were taken for each 
stain for our systematic sampling procedure (see below).  
Sections for Nissl staining were mounted on 0.5% gelatine coated slides, cleared in a 
solution of 1:1 absolute alcohol and chloroform and then stained with 1% cresyl violet. The 
sections for myelin staining were mounted on 1.0% gelatin coated slides and then stained 
with a modified silver staining technique (Gallyas, 1979).  
Immunohistochemical staining was used to reveal specific aspects of the glial and 
dendritic portions of the cortical grey matter.  Sections used for free floating 
immunohistochemical staining were treated for 30 min in an endogenous peroxidase inhibitor 
(49.2% methanol: 49.2 % 0.1M PB: 1.6% of 30% hydrogen peroxide) followed by three 10 
min rinses in 0.1M PB. Sections were then pre-incubated for 2 h, at room temperature, in 
blocking buffer (3% normal goat serum, NGS, [Millipore], 2% bovine serum albumin, BSA, 
and 0.25% Triton X-100 [Merck] in 0.1M PB). Thereafter, sections were incubated in the 
primary antibody solution for 48 h at 4ºC under gentle agitation (the primary antibody 
solution consisted of the blocking buffer plus the appropriate dilution of the primary 
antibody). Anti-glial fibrillary acidic protein (GFAP, AB 5804, Millipore, raised in rabbit) at 
a dilution of 1:2000 was used to reveal glial cell bodies and processes. Anti-microtubule 
associated protein 2 (MAP2, AB 5622, Millipore, raised in rabbit) at a dilution of 1:2000 was 
used to reveal dendritic processes. Both primary antibodies are listed on the Journal of 
Comparative Neurology antibody database 
(http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN%291096-
9861/homepage/jcn_antibody_database.htm).The primary antibody incubation was followed 
by three 10 min rinses in 0.1M PB and the sections were then incubated in a secondary 
antibody solution (1:1000 dilution of biotinylated anti-rabbit IgG, BA 1000, Vector labs), in a 
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blocking buffer containing 3% NGS and 2% BSA in 0.1M PB for 2 h at room temperature. 
This was followed by three 10 min rinses in 0.1M PB, after which the sections were 
incubated for 1 h in AB solution (Vector Labs), followed by three 10 min rinses in 0.1M PB. 
Sections were then placed in a solution containing 0.05% diaminobenzidine (DAB) in 0.1M 
PB for 5 min, followed by the addition of 3 µl of 30% hydrogen peroxide per 1 ml of 
solution. Chromatic precipitation was visually monitored and verified under a low power 
stereomicroscope. Staining continued until such time as the background stain was at a level 
that would allow for accurate visualization without obscuring the immunopositive structures. 
Further development was arrested by placing the sections in 0.1M PB, followed by two more 
rinses in this solution. 
 The immunostained sections were then mounted on 0.5% gelatine coated glass slides, 
dried overnight, dehydrated in a graded series of alcohols, cleared in xylene and coverslipped 
with Depex mounting medium. The controls employed in this experiment included the 
omission of the primary antibody and the omission of the secondary antibody in selected 
sections. In the sections where the antibodies had been omitted no staining was evident. 
 
2.1.4 Sampling Procedure for Each Cortical Area: 
A column of cortex (spanning layers 1 through 6) from nine out of the twelve 14 µm sections 
from each stain for each cortical area (identified by cytoarchitecture) were systematically 
photographed at 40x magnification using a Zeiss Axioskop and the Axiovision software. No 
adjustments of pixels or manipulation of the captured images were undertaken, except for the 
adjustment of contrast, brightness, and levels using Adobe Photoshop. The photomicrographs 
were joined into montages that spanned the cortical layers, and then 10 by 10 grids (100 µm 
square) were placed randomly onto the six cortical layers of the various cerebral cortical 
areas for point counting employing the Cavalieri estimator stereological method for profile 
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volume fraction estimation (Weibel, 1963; Aherne, 1967; Gundersen and Osterby, 1981; 
Haug, 1986; Cruz-Orive, 1987; Michel and Cruz-Orive, 1988; Cruz-Orive and Weibel, 1990; 
Mayhew, 1991; Schmolke, 1996). Values obtained from point counting were used to estimate 
volume fractions of the various components of the cortical grey matter and significant 
differences and similarities analyzed using a multifactorial three-way analysis of variance 
(ANOVA) with three independent factors, namely layer, area and specimen. 
 
2.1.5 Determining sample size for profile counting: 
In determining the number of slides to be used for profile counting for statistical 
analysis,  running means were calculated and thereafter the power of the statistic was used to 
determine sample size (Figures 2.3 and 2.4). The power of the statistic is the ability for the 
test to detect differences when they are present, i.e. the more powerful the test the less likely 
that type 2 errors would occur.  The running means were done by plotting counts (out of a 
possible 100 counts upon using a 10 by 10 counting grid) against number of sections, for all 
stains (nissl, myelin, GFAP and MAP-2) used to elucidate the profiles counted. A total of 
twelve (12) slides were used in the running means. Using running means to determine sample 
size, the minimum number of slides to be counted varied between five (5) and ten (10), for 
the different stains (see Figure 2.3). This necessitated the use of the power of ANOVA to 
calculate the required number of slides to be used for profile counting for statistical analysis 
of the data at 95% confidence level. By the power of ANOVA (plots of required sample size 
against differences in counts), nine (9) slides were found to be a sufficient sample size that 
would be able to show actual similarities or differences where these existed, at the 95% 
confidence level (Figure 2.4). For each stain this varied, such that for the Nissl stain a sample 
size of nine would allow for a 95% confidence that the test would detect differences between 
counts that were 10 and above. For myelin, 95% confidence in the results can be achieved for 
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differences of 15 and above, MAP-2 13 and above and GFAP 12 and above. Multifactorial 
three-way ANOVAs were performed at 95% confidence level on the data obtained using 
statistical program R version 2.11.1. The Tukey’s honest significance test was used as a post-
hoc test to detect specific significant differences in the data. 
 
2.1.6 Data analysis and comparisons: 
Layer-wise and area-wise comparisons were performed on the data obtained where profiles 
(Nissl, Myelin, GFAP and MAP-2) in similar layers of different cortical areas in same or 
different animals as well as profiles in different layers of same cortical areas in same animals 
were statistically compared using the post-hoc tests when significant differences were found 
using the ANOVA. In layer-wise comparisons, different layers of the same cortical areas in 
the same animal were compared to determine whether or not, their volume fractions change 
or remain consistent with depth in the cortex. Area-wise comparisons were performed on 
profiles of the same layers of different cortical areas in both the same and different animal for 
any statistically significant changes in profile volume fractions in the same layer across areas 
and animals.  
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Figure 2.1. Lateral, mid-sagittal and superior and views of the baboon cerebral 
hemisphere showing the sites from where tissue blocks were taken for analysis. The 
sampled locations are shown by numbers corresponding to the Brodmann’s areas studied. 
Scale bar = 1 cm. 

 17 
 
 
 
 
 
Figure 2.2. Lateral, mid-sagittal and superior and views of the vervet monkey cerebral 
hemisphere showing the sites from where tissue blocks were taken for analysis. The 
sampled locations are shown by numbers corresponding to the Brodmann’s areas studied. 
Scale bar = 1 cm. 
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Figure 2.3. Graphical illustrations of running means showing plots of counts against 
number of sections (12) for all stains (Nissl, Myelin, MAP-2 and GFAP) used to 
determine sample size, i.e. the number of sections to be used for profile volume density 
determinations for statistical analysis in some of the examined cortical areas (areas 10, 1, 
23 and 21). The minimum number of slides to be used in profile counting was considered 
to be that point on the plot where any further increase in number of sections does not 
result in any significant change in the mean i.e. the point where the mean become stable 
with further increase in counts. 
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Figure 2.4. Power of ANOVA graphical illustrations depicting plots of required sample 
size against differences in counts for all the four stains (Nissl, Myelin, MAP-2 and 
GFAP) used to elucidate the profiles considered in the study as determined from the 
running means. A minimum number of 9 sections, or counts, was found to allow for 95% 
confidence that the statistical tests used would detect differences between counts if these 
were 10 and above in Nissl, 15+ in Myelin , 13+ in MAP-2 and 12+ in GFAP.  
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CHAPTER 3 
3.1 Baboon Results: 
This chapter presents results obtained in the analysis of the different cortical regions from the 
olive baboons (Papio anubis). In this chapter the architecture of each cortical area is 
described in detail; however, as the architecture and staining profiles in the vervet monkey 
and common chimpanzee are similar to that seen in the baboon, in the two subsequent 
chapters (describing the results of the analysis on vervet monkeys and chimpanzees) only 
architectural differences of note for these species are mentioned. 
 
3.2 Staining profiles of Nissl, myelin, MAP-2 and GFAP: 
 In the current study a cresyl violet stain was used to reveal the Nissl bodies (rough 
endoplasmic reticulum) found in both the neuronal and glia cell bodies. The cresyl violet 
stain clearly labelled the various neuronal types, and also stained the large primary dendrites 
of several of these neurons (Figure 3.1A-C). The glial cell bodies, especially in layer I, were 
also revealed with this stain. The myelin stain, a modified silver stain (Gallyas, 1979), 
revealed numerous myelinated axons throughout all cortical areas and in all cortical layers 
(Figure 3.1D-F). The radial fascicles entering the cortex from the white matter were clearly 
labelled, as were the horizontally oriented axons in the various cortical layers.  The 
immunohistochemical staining for MAP-2, which is a protein associated with the stability of 
microtubules and maintaining the cytoskeletal integrity of neurons (Caceres et al., 1984; Sims 
et al., 1988; Kitagawa et al., 1989; Larriva-Sahd, 2002), revealed extensive staining in all 
cortical layers (Figure 3.1G-I). Clearly labelled apical dendrites of the cortical pyramidal 
neurons and extensive labelling of the horizontally oriented dendrites was observed.  In 
certain cortical areas MAP-2 labelling was observed in neuronal somata, but this varied both 
with cortical layer and area. The immunohistochemical staining for GFAP, a filament protein 
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found mostly in astrocytes and thought to be involved in maintaining astrocytic mechanical 
strength and cell shape (Halliday et al., 1996; Colombo et al., 1998, 2004; Sherwood et al., 
2006), revealed dense staining in layer I where both cell bodies and glial processes were 
observed (Figure 3.1J-L). In layers II – V a far lower density of only glial processes were 
observed, but these increased in number in layer VI, where the occasional cell body was also 
observed.  This middle cortical layer paucity of GFAP immunopositive structures was a 
consistent feature of all cortical areas. Thus, in terms of the current study we were able to 
stain neuronal and glial cell bodies, larger axons with the myelin stain, dendrites with the 
MAP-2 immunostain, and astrocytes and astrocytic processes with the GFAP stain.  This 
allowed us to quantify changes in the overall volume of the neuropil (using cellular stains) 
and variations within the structure of the neuropil (using the myelin, MAP-2 and GFAP 
stains) within and between a number of cortical areas.  
 
3.3 Area 17:  
Within the primary visual cortex the cortical layers were clearly evident with Nissl 
staining and the cell packing appears to be denser than the adjacent visual areas. Layer IV 
was particular thick and showed sublamina (Figure 3.2). Average point counts for Nissl 
stained cell bodies were lowest in layer 1 reflecting the low numbers of cells in this layer, 
while the remaining layers had higher, but consistent average point counts (Figures 3.5, 3.6, 
Table 3.1). The layer-wise comparison for this area showed that layer I had statistically 
significantly less counts than the other layers, all of which were statistically similar apart 
from some minor variations (See Appendix A, Table 1).  In comparison to all the other 
cortical areas in both baboons, our area-wise comparison showed that area 17 for the most 
part, exhibited statistically significantly higher average counts across all layers, except layer 
I. Similarly when comparing between baboons, for the most part, the differences in counts 
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were statistically significantly different; however, there was no consistency in whether one 
animal had higher counts than the other (i.e. baboon 1 had significantly higher counts in 
layers II, IV and VI, while baboon 2 had significantly higher counts in layers III and V) (See 
Appendix A, Table 2).  
Area 17, like several other cortical areas studied, was heavily myelinated in both 
baboons. Within area 17, closely packed thick radial fascicles were evident, and a high 
density of tangentially oriented fibres was observed in layer IV (Figure 3.2). The majority of 
the radial fascicles extended to layer III, but a few extended as far as layer II (Figure 3.2).  
Within layer V there was a lower density of tangentially oriented fibres than seen in other 
layers. Point counts revealed that layer II was the least heavily myelinated layer, whereas the 
average counts varied little for the remaining layers (Figures 3.7, 3.8, Table 3.1); however, in 
both baboons layer IV exhibited the highest average counts. The layer-wise comparison for 
this area showed that layer II had statistically significantly less counts than the other layers, 
all of which were statistically similar apart from some minor variations (See Appendix A, 
Table 1). In several instances of our area-wise comparison, area 17 had significantly higher 
average points counts, or was more myelin dense, than other cortical areas in both baboons; 
however, these differences varied according to area and layer. When comparing between 
baboons for areas and layers, again there were several instances of significant differences, but 
no clear trends emerged from this comparison except that baboon 1 appears to have a slightly 
more myelin dense area 17 than baboon 2 (See Appendix A, Table 2). 
 MAP-2 immunopositive (MAP-2+) structures, presumably dendrites, were evident in 
all cortical layers; but interestingly, no cell bodies were labelled in any part of this cortical 
area examined.  A high density of fine branches of apical dendrites was observed in layer I 
and horizontally oriented dendrites were evident in all layers and accentuated the clear 
lamination pattern seen in this area (Figure 3.2). The point counts revealed in both baboons 
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that layer I contained the most MAP-2+ structures (Figures 3.9, 3.10, Table 3.1) and in both 
animals the average point counts decreased to a minimum in layer IV/V and increased 
slightly in layer VI (Figures 3.9, 3.10, Table 3.1). In our layer-wise comparisons, the counts 
for layer I in baboon 1 were significantly higher than layers III-V, and layer II was higher 
than layer V, but in baboon 2 the only significant difference detected was that layer I had a 
higher count than layer V. Despite these minor differences, it would appear that the counts 
for MAP-2 are mostly similar across cortical layers (See Appendix A, Table 1).  In our area-
wise comparison, there were several minor significant differences that do not appear to 
follow any specific trend; however, layer IV of baboon 1 did appear to have significantly 
lower counts in comparison to other cortical areas both within and between baboons (See 
Appendix A, Table 2).  
GFAP immunopositive (GFAP+) structures were most evident in layer I where both 
glial cell bodies and processes were abundant (Figure 3.2, Table 3.1). The glial processes 
projected into layer II in moderate density, with only very few processes being evident in 
layer III.  The number of glial processes increased slightly in layer V, and in layer VI 
substantially more processes and the occasional cell body were observed.  This middle layer 
paucity of GFAP+ structures was reflected in the point counts (Figures 3.11, 3.12, Table 3.1). 
In our layer-wise comparisons it was observed that layers I and VI, in both baboons, had 
significantly higher average point counts than the other layers (See Appendix A, Table 1). In 
our area-wise comparison, only minor significant differences were observed when comparing 
layers across areas in the same baboon, and when comparing layers across areas between 
baboons (See Appendix A, Table 2). 
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3.4 Area18:  
Within this area, the secondary visual cortex, the cortical layers with Nissl staining 
were less evident and the cell packing appeared lower when compared to the adjacent 
primary visual cortex.  Layer IV was found to be thinner than in area 17, and did not exhibit 
clear sublamination. In the Nissl stained sections, the average point counts were lowest in 
layer I reflecting the low numbers of cells in this layer, while the remaining layers had higher 
but consistent average point counts (Figures 3.2, 3.5, 3.6, Table 3.1). The layer-wise 
comparisons for this area showed that layer I had statistically significantly lower counts than 
the other layers, all of which were statistically similar apart from some minor variations in 
deeper layers of baboon 1 (See Appendix A, Table1). In our area-wise comparison, area 18 of 
both baboons showed statistically significantly higher average point counts in a few 
instances, but these varied according to layer and area. When comparing layers across areas 
between the two baboons, the few observed statistically significant differences in counts did 
not show any consistency in whether one animal had higher counts than the other (See 
Appendix A, Table 2). 
Within area 18, thin, densely packed radial fascicles with homogeneously distributed 
tangentially oriented fibres were revealed with the myelin stain and were evident throughout 
most layers (Figure 3.2). The majority of the radial fascicles extended to layer II and a lower 
density of tangentially oriented fibres was observed in layer IV when compared to that seen 
in area 17 (Figures 3.2, 3.7, 3.8).  Average point counts revealed that layer I and II were the 
least heavily myelinated, whereas the average counts varied very little for the rest of the 
layers (Figures 3.7, 3.8, Table 3.1). The layer-wise comparisons in this area showed that layer 
II of baboon 1 had statistically significantly lower counts than the other layers, all of which 
were statistically similar; however, all the layers in baboon 2 were statistically similar (See 
Appendix A, Table 1).  In several instances in our area-wise comparison, both baboons 
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showed statistically higher point counts in area 18 compared to other cortical areas, but these 
differences varied according to layers and areas. When comparing between baboons for areas 
and layers, there were instances where area 18 had statistically significantly higher average 
point counts compared to all other areas examined, but there were no clear trends emerging 
out of this comparison except that baboon 1 seems to have a slightly more myelin dense area 
18 than baboon 2 (See Appendix A, Table 2) as was seen for area 17. 
MAP-2 immunopositive (MAP-2+) structures were evident in all layers of area 18, 
with a few labelled cell bodies observed in the infragranular layers. There was a high density 
of readily visible fine branches of apical dendrites in layer I, and horizontally oriented 
dendrites were present in all layers of the cortex. Point counts revealed that in both baboons 
layer I contained the most MAP-2+ structures. In both animals, average counts decreased 
between layer I-VI and the overall point counts revealed very little difference between this 
area and the others examined (Figures 3.2, 3.9, 3.10, Table 3.1). In our layer-wise 
comparisons, the counts for layer I in baboon 1 were statistically significantly higher than all 
other layers except for one minor difference observed in layer V, but the remaining layers 
were statistically similar.  In baboon 2, layers I and II had statistically significantly higher 
counts compared to the other layers. Despite these minor differences, counts of all MAP-2+ 
structures appeared similar across all the cortical layers (See Appendix A, Table 1). In our 
area-wise comparison, there were several minor within and between animal significant 
differences, which did not appear to follow any specific trend; however, layer V of baboon 1 
did appear to have significantly lower counts in comparison to other cortical areas both 
within and between baboons (See Appendix A, Table 2).  
GFAP immunopositive (GFAP+) structures were most evident in layer I where both 
the glial cell bodies and processes were abundant. Glial processes were observed to project 
modestly into layers II and III, but were mostly absent in layer IV. The number of glial 
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processes increased again in layer V and substantially so in layer VI. The density of glial cell 
process observed was similar to that in area 17. In both animals, middle layer GFAP+ 
structure paucity was similar and was reflected in the average point counts (Figures 3.2, 3.11, 
3.12, Table 3.1). In our layer-wise comparisons, it was observed that in both baboons, layer I 
and VI had statistically higher average point counts than the other layers (See Appendix A, 
Table 1). In the area-wise comparison, only minor significant differences were observed 
when comparing layers across areas in the same baboon, and when comparing layers across 
areas between baboons, but these followed no clear trend (See Appendix A, Table 2). 
 
3.5 Area V4: 
Within area V4, the cortical layers were less evident with Nissl staining and the cell 
packing density was similar to area 18 but lower than in area 17. Layer III was clearly thicker 
than in areas 17 and 18 and exhibited many large pyramidal cells at the layer III/IV border. 
Average point counts were again lowest in layer I, reflecting the low numbers of cells in this 
layer, while the remaining layers had higher, but consistent, average point counts (Figures 
3.2, 3.5, 3.6, Table 3.1). In the layer-wise comparison for this area, layer I exhibited 
statistically significantly less average point counts than the other layers, all of which were 
statistically similar apart from some minor variations (See Appendix A, Table 1). In our area-
wise comparison, area V4 of both baboons, for the most part, showed statistically 
significantly higher point counts in its layers than the other areas; however, these few minor 
statistically significant differences did not follow a specific trend as they varied according to 
layer and area. Comparing layers across areas between baboons showed that for the most 
part, the differences in average point counts were statistically significantly different but these 
few differences varied according to layer and area and therefore showed no consistency in 
whether one animal had clearly higher point counts than the other (See Appendix A, Table 2). 
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Myelin staining revealed that area V4, like area 18, had thin and dense radial fascicles 
with equally dense tangentially oriented fibres observed throughout all layers. The majority 
of the radial fascicles extended to layer II, but a few extended only to layer III. Occasional 
thick isolated tangentially oriented fibres were evident in layer III. The average point counts 
revealed that layer II was the least heavily myelinated layer, as seen in areas 17 and 18, while 
the remaining layers showed extensive myelin density similar to that seen in areas 17 and 18 
(Figures 3.2, 3.7, 3.8, Table 3.1). The layer-wise comparisons shows that in both baboons, 
layer II was statistically significantly less myelin dense compared to the other layers, all of 
which were statistically similar despite some observed minor variations (See Appendix A, 
Table 1). In our area-wise comparison, differences observed when comparing layers across 
areas in both baboons showed that for the most part, area V4 had statistically significantly 
higher myelin density compared to other areas but this varied according to layers in the 
various areas examined. In comparing layers across areas between baboons, in most 
instances, area V4 had statistically significantly higher average counts compared to other 
areas, but these also varied according to layers and areas such that no clear trend in myelin 
density statistical differences between the animals were evident; however, baboon 2 had 
slightly higher counts in its infragranular layers compared to baboon 1 (See Appendix A, 
Table 2).  
MAP-2 immunopositive (MAP-2+) structures were evident in all cortical layers with 
stained cell bodies visible in both supra- and infragranular layers. Layer I had the highest 
density of fine branches of apical dendrites. Horizontally oriented dendrites were evident in 
all layers of the cortex. The average point counts revealed that in both baboons, layer I 
exhibited the most MAP-2+ structures. As was observed in areas 17 and 18, in area V4 there 
was a steady decrease in the point count averages when progressing from layer I through to 
layer VI. The overall point counts revealed very little difference in average counts between 
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this area and the others examined (Figures 3.2, 3.9, 3.10, Table 3.1). Layer-wise comparisons 
showed that in both baboons, MAP-2+ structures were statistically similar in all the layers of 
this cortical area (See Appendix A, Table 1). In our area-wise comparison, area V4 showed 
some minor significant differences that did not seem to follow any specific trend, when 
comparing layers across areas within and between baboons (See Appendix A, Table 2).   
GFAP immunopositive (GFAP+) structures were most evident in layer I where both 
glial cell bodies and processes were abundant. The glia processes projected into layer II in a 
moderate density, while a few were evident in layer III, and almost none were evident in 
layer IV. The number of glial processes increased again in layer V, becoming substantially 
more evident in layer VI. The GFAP+ structure paucity in the middle layers of the cortex was 
reflected in the point counts and was a feature observed in both animals (Figures 3.2, 3.11, 
3.12, Table 3.1). Our layer-wise comparisons showed that layer I of both baboons had 
statistically significantly higher average point counts than the others, all of which were 
statistically similar, but layer VI of baboon 2 had statistically higher average point counts 
than that of baboon 1 (See Appendix A, Table 1). In our area-wise comparison, some minor 
differences were evident when comparing layers across areas in the same and between 
baboons, but these showed no consistent trend (See Appendix A, Table 2). 
 
3.6 Area 10:   
Within this area, presumed to be part of the granular dorsolateral prefrontal cortex due 
to the presence of layer IV (Figure 3.3), the boundaries of the cortical layers, as observed 
with Nissl staining, were not as sharp as seen in the visual areas, and the density of the cell 
packing appeared to be quite low in comparison to areas 17, 18 and V4. Average point counts 
were lowest in layer I, reflecting the low numbers of cells in this layer, while the other layers 
had higher but consistent average point counts (Figures 3.5, 3.6, Table 3.1). In our layer-wise 
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comparisons, layer I of this area, in both baboons, had statistically significantly lower average 
point counts compared to the other layers, all of which were statistically similar (See 
Appendix A, Table 1). In the area-wise comparison, it was observed that in both baboons, 
area 10 showed a few statistically significant differences in having lower point counts in its 
layers compared to all other areas, but these differences varied according to layer and area. In 
comparing layers across areas between the two baboons, a few minor statistically significant 
differences were observed, but these did not follow any specific trend that would suggest that 
one animal had statistically different counts than the other (See Appendix A, Table 2). 
 Within area 10, myelin staining revealed closely packed thin radial fascicles, and a 
uniformly high density of tangentially oriented fibres throughout all cortical layers was 
evident in both animals. The majority of the radial fascicles extended only to layer III, but a 
few extended as far as layer II (Figure 3.3). Tangentially oriented fibre density in layer IV 
was not as high as seen in layer IV of area 17, and this was reflected in the lower point 
counts. Point counts were low in layer II, but increased and were consistent in the other layers 
(Figures 3.7, 3.8, Table 3.1). In the layer-wise comparisons in both baboons, it was observed 
that layers I and II were statistically significantly less myelin dense compared to the 
remaining layers, all of which were statistically similar apart from a few minor variations 
(See Appendix A, Table 1). In our area-wise comparison, area 10 of both animals showed a 
few statistically significantly lower average point counts in all their layers compared to the 
other areas examined. On comparing layers across areas between baboons, there were 
consistently statistically significantly lower point counts in area 10 compared to all other 
areas (See Appendix A, Table 2); however, baboon 1 showed slightly higher point counts 
suggesting denser myelination when compared to baboon 2. 
MAP-2 immunopositive structures (MAP-2+) were evident in all cortical layers and 
labelled cell bodies were evident in both the supra and infragranular layers (Figure 3.3). Fine 
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branches of apical dendrites were dense in layer I in both baboons and numerous horizontally 
oriented dendrites were observable in all layers of this cortical area, but no clear lamination 
was evident. Average point counts revealed that in this area, as compared to all others 
studied, the general decline in MAP-2+ structures when progressing from layer I to VI was 
not as marked, thus this area appears different to this general trend; however, the overall 
point counts revealed very little difference in average counts between this area and the others 
examined (Figures 3.9, 3.10, Table 3.1). In our layer-wise comparisons, the average point 
counts for MAP-2+ structures in both animals were statistically significantly similar in all 
layers of this cortical area (See Appendix A, Table 1). In our area-wise comparison, that 
compared differences observed when the same layers were compared across areas in the same 
baboon and when comparing the same layers across areas between baboons, very few minor 
within and between statistically significant differences in point counts were revealed. These 
varied according to layer and area and did not show any consistency (See Appendix A, Table 
2). 
GFAP immunopositive (GFAP+) structures were most evident in layer I where glial 
cell bodies and processes were abundant. Glial processes projected in a moderate density into 
layer II, with some processes extending into layers III and IV. The glial processes increased 
in number in layer V and were substantially higher in layer VI. The paucity of GFAP+ 
structures in the middle cortical layers of area 10 was reflected in the average point counts, 
which appear similar in both baboons (Figures 3.3, 3.11, 3.12, Table 3.1). In the layer-wise 
comparison, it was observed that layers I and VI had statistically significantly higher average 
point counts than all other layers, despite some variations observed in layer II of baboon 2 
(See Appendix A, Table 1). In our area-wise comparison, only minor significant differences 
were observed when comparing layers across areas in the same baboon, and when comparing 
layers across areas between baboons (See Appendix A, Table 2). 
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3.7 Area 4:  
Within this area, the primary motor cortex, Nissl staining revealed cortical layer 
boundaries, but not as explicitly as in other regions, and the cell packing density appeared to 
be low in comparison to other areas (Figure 3.3). This area lacked a layer IV, but layer III 
was extensive compared to the other cortical areas under study. Layer V was clearly marked 
by the presence of the giant pyramidal, or Betz, cells. Average point counts in both animals 
were low in layer I indicating low cell density in this layer, while the rest of the layers had 
higher but consistent point counts (Figures 3.5, 3.6, Table 3.1). Our layer-wise comparisons 
in both baboons showed that layer I of this area had statistically significantly lower average 
point counts compared to the other layers, all of which were statistically similar (See 
Appendix A, Table 1). In almost all instances in our area-wise comparison, differences in 
point counts in same layers across areas in the same animal, for both baboons, showed only a 
few minor statistically significant differences in point counts, which varied according to layer 
and area.  A comparison of layers across areas between baboons revealed minor statistical 
differences in average point counts, which did not show any consistency that might suggest 
that one animal had higher counts than the other (See Appendix A, Table 2). 
Area 4, like many other areas of the cortex under study, was heavily myelinated in 
both animals. Myelin density was higher than area 3b, but similar to that in area 1. Within 
area 4, thin closely packed radial fascicles were evident and a high density of tangentially 
oriented fibres was observed throughout the cortical layers (Figure 3.3). The majority of the 
radial fascicles extended to layer II, giving this cortical area a uniformly dense myelination. 
Average point counts for myelin were lowest in layer II in both animals, but were higher and 
consistent in the other layers (Figures 3.7, 3.8, Table 3.1). In our layer-wise comparisons, 
layer II in both baboons was statistically low in myelin density, while the remaining layers 
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were statistically similar apart from some minor variations (See Appendix A, Table 1). In 
several instances of our area-wise comparison, area 4 had statistically significantly higher 
average point counts, and was therefore more myelin dense than other cortical areas in both 
baboons; however, these differences varied according to area and layer. When comparing 
layers across areas, between baboons, again there were several instances of statistically 
significant differences in point counts, but no clear trends emerged from this comparison 
except that area 4 of baboon 1 appeared to be slightly more myelin dense than baboon 2 (See 
Appendix A, Table 2). 
 MAP-2 immunopositive (MAP-2+) structures were present in all cortical layers and 
cell bodies were labelled in all layers of area 4, as opposed to only the infra-granular layers in 
both areas 3b and 1 (Figure 3.3). Fine branches of apical dendrites were most dense in layer I 
of both baboons, with clearly observable horizontal dendrites in all layers. Average point 
counts revealed a gradual decrease between layers I to VI, but this was not as marked as seen 
in several other cortical areas studied. The overall point counts revealed very little difference 
in average counts between this area and the others examined (Figures 3.9, 3.10, Table 3.1). In 
the layer-wise comparison, it was observed that layer I and II of baboon 1 had statistically 
significantly higher average point counts compared to layer V and VI while all other layers 
were statistically similar; whereas, MAP-2+ structures in baboon 2 were statistically similar 
in all cortical layers. Despite these minor differences, MAP-2+ structures in most layers of 
this cortical area appeared statistically similar in both animals (See Appendix A, Table 1). In 
our area-wise comparison, both animals showed very few statistically significantly higher 
MAP-2+ structure counts in the supragranular layers and a few statistically significantly 
lower counts in the infragranular layers compared to other areas, but these differences were 
minor and varied according to layer and area. In comparing layers across areas between 
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baboons, there were only a few statistically significant differences and these did not appear to 
follow any specific trend (See Appendix A, Table 2).  
GFAP immunopositive (GFAP+) structures were most evident in layer I where glial 
cell bodies and processes were abundant. Glial processes projected in a moderate density into 
layer II and some into layer III. A moderate increase in the density of GFAP+ structures was 
seen in layer V and VI (Figure 3.3). The paucity in GFAP+ structures in the middle layers of 
this cortical area was reflected in the average point counts (Figures 3.11, 3.12, Table 3.1). In 
our layer-wise comparisons, it was observed that in both animals, layers I and II as well as 
layers V and VI, had statistically significantly higher average point counts than layer III (See 
Appendix A, Table 1). In our area-wise comparison, only minor significant differences were 
observed when comparing layers across areas in the same baboon, and when comparing 
layers across areas between baboons (See Appendix A, Table 2). 
 
3.8 Area 3b:  
Within this area, the primary somatosensory cortex located on the posterior bank of 
the central sulcus, Nissl staining revealed distinct cortical layer boundaries and the cell 
packing appeared quite low compared to visual areas, but higher than area 4 (Figure 3.3).  
Average point counts were lowest in layer I, reflecting the low numbers of cells in this layer, 
while the other layers had higher but consistent average point counts (Figures 3.5, 3.6, Table 
3.1). The layer-wise comparison for this area, in both animals, showed that layer I had 
statistically significantly lower counts than the other layers, all of which were statistically 
similar apart from some minor variations (See Appendix A, Table 1). In our area-wise 
comparison of the same layers across areas within or between baboons showed only a few 
minor statistically significant differences in average point counts and there was no 
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consistency in whether one animal had higher counts than the other (See Appendix A, Table 
2). 
Myelin staining revealed that within area 3b there were thin tightly packed radial 
fascicles and many tangentially oriented fibres. The majority of the radial fascicles extended 
as far as layer III, while some extended into layer II (Figure 3.3). Average point counts were 
lowest in layer II in both baboons and were higher, but consistent, in the remaining layers 
(Figures 3.7, 3.8, Table 3.1).  Our layer-wise comparisons showed that layers I and II of both 
baboons had statistically lower average point counts, while the remaining layers were 
statistically similar (See Appendix A, Table 1). In our area-wise comparison in the same 
baboon, area 3b showed some statistically significantly higher point counts in its layers 
compared to the other areas, but these differences were not consistent and they varied 
according to layers and areas. When comparing the same layers across areas between baboon 
1 and baboon 2, a few statistically significant differences were observed for area 3b 
compared to the other areas, but these differences did not show any consistency. All layers in 
baboon 1 had higher average point counts, indicating higher myelin density than baboon 2 
(See Appendix A, Table 2). 
MAP-2 immunopositive (MAP-2+) structures were present in all cortical layers, but 
labelled cell bodies were observed only in the infragranular layers of the cortex. Fine 
branches of apical dendrites were quite dense in layer I in both baboons, with observable 
horizontally oriented dendrites in all layers. The overall point counts revealed very little 
difference in average counts between this area and the others examined, and reflected the 
established trend (see above) of a steady, but slight, decline in the density of MAP-2+ 
structures from layers I through to VI (Figures 3.3, 3.9, 3.10, Table 3.1). The layer-wise 
comparison in this area showed that layer I of baboon 1 had statistically significantly higher 
average point counts compared to layers IV and VI and also layer II and III of the same 
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baboon had statistically significantly higher average point counts than layer VI; however, all 
the layers in baboon 2 were statistically similar (See Appendix A, Table 1). In our area-wise 
comparison, baboon 1 showed no statistically significant differences in average point counts 
in MAP-2+ structures in its supragranular layers compared to the other areas, but a few 
differences were observed in the infragranular layers, even though these varied according to 
layers and areas. In baboon 2, a few differences were observed in both supra- and 
infragranular layers of area 3b compared to the other areas but these too did not show any 
consistency.  When comparing layers across areas between baboon 1 and 2, significant 
differences were observed in a few instances, but these did not show any specific trend as 
they varied according to areas and layers (See Appendix A, Table 2). 
GFAP immunopositive (GFAP+) structures were most evident in layer I where glia 
cell bodies and processes were abundant.  Glial processes projected in a moderate density 
into layer II and some into layer III. Layer IV evinced the lowest density of GFAP+ 
structures, but the number of structures increased slightly in layer V and more so in layer VI.  
These trends, observable under the microscope, were reflected in the point counting (Figures 
3.3, 3.11, 3.12, Table 3.1).  Our layer-wise comparisons revealed that layers I and VI had 
statistically significantly higher average point counts than the other layers in both animals, 
despite some minor differences (See Appendix A, Table 1). In our area-wise comparison, 
only minor significant differences were observed when comparing layers across areas in the 
same baboon, and when comparing layers across areas between baboons, but these 
differences did not show any consistent trend (See Appendix A, Table 2). 
 
 3.9 Area1:  
Within area 1, part of the somatosensory cortex located on the post-central gyrus, 
Nissl staining revealed clear cortical layer boundaries, yet the cell packing appeared low in 
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comparison to some of the other cortical areas studied. Layer IV was evident and layer III 
exhibited large pyramidal cells at its boundary with layer IV, a feature not evident in the 
adjacent area 3b (Figure 3.3). Average point counts for the Nissl stained sections were lowest 
in layer I, reflecting the low numbers of cells in this layer, while the remaining layers had 
higher, but consistent average point counts (Figures 3.5, 3.6, Table 3.1). In our layer-wise 
comparisons for this area, in both animals layer I had statistically significantly lower counts 
than the other layers, which were statistically similar apart from some minor variations (See 
Appendix A, Table 1). In the area-wise comparison there were a few statistically significant 
differences in point counts in both baboons, but these varied according to layer and area and 
were not consistent. The comparison between baboons showed minor statistically significant 
differences in average point counts in this area compared to the others examined, but again 
there was no consistency in whether one animal had higher counts than the other (See 
Appendix A, Table 2 
Area 1 was more myelin dense than the adjacent area 3b, but this myelin density was 
almost the same as area 4. Within area 1 thin, closely packed, radial fascicles that for the 
most part extended through to layer II were observed, as well as a high density of tangentially 
oriented fibres in layer IV. Average point counts for myelin were lowest in layer II in both 
animals (this being a consistent feature of the myelination across most of the cortical areas 
studied), but were higher and consistent in the remaining layers (Figures 3.3, 3.7, 3.8, Table 
3.1). The layer-wise comparison showed that layer II in both animals had statistically lower 
average point counts than all the other layers, which were statistically similar (See Appendix 
A, Table 1). In several instances of our area-wise comparison, area 1 had statistically 
significantly higher average point counts, and was, by inference, more myelin dense than the 
other cortical areas examined; however, these differences varied according to area and layer 
and were not consistent. When comparing between baboons, again there were several 
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instances of significant differences but no clear trends emerged from this comparison to 
suggest that one animal had higher average counts than the other (See Appendix A, Table 2). 
In terms of overall average point counts, all cortical layers in baboon 1 showed higher myelin 
density than those in baboon 2. 
 MAP-2 immunopositive (MAP-2+) structures were present in all cortical layers, but 
cell bodies were labelled only in the infragranular layers. Fine branches of apical dendrites 
were dense in layer I in both baboons, with horizontal dendrites observable in all layers of the 
cortex. The overall point counts revealed very little difference in average counts between this 
area and the others examined and the trend of decreasing counts from layer I through to VI 
was again observed (Figures 3.3, 3.9, 3.10, Table 3.1). In our layer-wise comparisons it was 
observed that layer I in baboon 1 had statistically higher average point counts than layers IV, 
V and VI, but the density of MAP-2+ structures in baboon 2 remained statistically similar in 
all cortical layers (See Appendix A, Table 1). In our area-wise comparisons, there did not 
seem to be many within animal statistically significant differences in point counts in the 
supragranular layers of both baboons and similarly few instances of statistically significantly 
different average point counts between baboon 1 and baboon 2 in their supragranular layers. 
However, within and between baboons, statistically significantly lower MAP-2+ densities 
existed in the infragranular layers, but again these varied according to areas and layer, and 
therefore showed no consistency (See Appendix A, Table 2). 
GFAP immunopositive (GFAP+) structures were most evident in layer I where glial 
cell bodies and processes were abundant. Glial processes were observed to project into layer 
II in moderate density, with some processes being evident in layer III.  Layer IV was more or 
less free of glial structures, but the number of glial processes increased in layer V, and in 
layer VI substantially more processes were observed. This trend is again followed by the 
point counts (Figures 3.3, 3.11, 3.12, Table 3.1). In the layer-wise comparisons, it was 
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observed that in both animals, layers I and VI had statistically significantly higher average 
point counts than the other layers, despite some minor variations (See Appendix A, Table 1). 
In our area-wise comparison, besides layers III and IV where GFAP+ structures were 
statistically similar, only minor significant differences were observed when comparing layers 
across areas in the same baboon, and when comparing layers across areas between baboons 
(See Appendix A, Table 2). 
 
3.10 Area 24:  
Within area 24, the anterior cingulate cortex, Nissl staining revealed that the cortical 
layers boundaries were not clearly evident and that the cell packing appeared quite low 
(Figure 3.4). Average point counts from the Nissl stains were lowest in layer I, reflecting the 
low numbers of cells in this layer, while the remaining layers had higher, but consistent 
average point counts (Figures 3.4, 3.5, 3.6, Table 3.1). Our layer-wise comparisons for this 
area showed that in both animals, layer I had statistically significantly less counts than the 
other layers, all of which were statistically similar apart from some minor variations (See 
Appendix A, Table 1). In most instances in our area-wise comparison, differences in point 
counts in layers across areas within the same baboon showed statistically significantly lower 
average point counts in this area compared to the others, even though these differences varied 
according to layer and area. When comparing layers across areas between baboons, for the 
most part, the differences in counts were statistically significantly lower compared to the 
other areas, but these significant differences did not show any consistency in whether one 
animal had higher counts than the other (See Appendix A, Table 2).  
Within area 24, myelin staining revealed thin and closely packed radial fascicles that 
extended into layer III, some extending up to layer II. An equal density of tangentially 
oriented fibres was evident in all layers. Average point counts were lowest in layer II in both 
 42 
baboons, but were higher and consistent in the infragranular layers (Figures 3.4, 3.7, 3.8, 
Table 3.1). It is worth noting here that in both baboons the myelin density in the 
supragranular layers was the lowest of all the cortical areas examined. In our layer-wise 
comparison, it was observed that the supragranular layers had statistically significantly lower 
average point counts than the infragranular layers, while within either supra- or infragranular 
layers the counts were statistically similar (See Appendix A, Table 1). In the area-wise 
comparison, the supragranular layers of area 24 often had statistically significantly lower 
average point counts than other areas, and this was consistent in both baboons; however, this 
consistent difference was not observed for the infragranular layers which showed very little 
difference to the other areas. A comparison of layers across areas between the two baboons 
showed that there was a consistency in the statistically significantly lower average point 
counts observed in the supragranular layers. But this was not observed for the infragranular 
layers (See Appendix A, Table 2). Both animals exhibited similar myelin density in all their 
cortical layers. 
MAP-2 immunopositive (MAP-2+) structures were present in all cortical layers, and 
labelled cell bodies were evident in all layers of the cortex except layer I. Fine branches of 
apical dendrites were quite dense in layer I in both baboons, with numerous horizontal 
dendrites observable in all the layers.  Average point counts of MAP-2+ structures showed a 
consistent decrease between layers I-VI (Figures 3.4, 3.9, 3.10, Table 3.1). In the layer-wise 
comparison, it was observed that all cortical layers in baboon 1 had statistically similar MAP-
2+ counts, while layer I and II of baboon 2 had higher average point counts than layers IV, V 
and VI (See Appendix A, Table 1). In our area-wise comparison, there were a few minor 
statistically significant differences within and between animals that did not appear to follow 
any specific trend (See Appendix A, Table 2). 
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GFAP immunopositive (GFAP+) structures were most evident in layer I where glial 
cell bodies and processes were abundant; however, it was observed that the glial processes 
barely projected beyond layer I. There was a paucity in GFAP+ structures in the middle 
layers (III – IV) of the cortex, as evidenced by average point counts and the numbers of glial 
processes increased substantially only in layer VI with the occasional glial cell body being 
observed in this layer (Figures 3.4, 3.11, 3.12, Table 3.1). In the layer-wise comparison, it 
was observed that in both animals, layers I and VI had statistically significantly higher 
average point counts than the other layers, despite some minor variations (See Appendix A, 
Table 1). In our area-wise comparison, besides layers III and IV, where GFAP+ structures are 
statistically similar, only minor statistically significant differences were observed when 
comparing layers across areas within and between baboons. These differences did not follow 
any particular trend as they varied according to area and layer (See Appendix A, Table 2). 
 
3.11 Area 23:  
Within area 23, the posterior cingulate cortex, Nissl staining revealed that the cortical 
layer boundaries were not particularly evident and that the cell packing density appeared 
slightly lower than in area 24 (Figure 3.4). Average point counts of the Nissl stained sections 
were lowest in layer I, reflecting the low numbers of cells in this layer, while the remaining 
layers had higher, but consistent average point counts in both animals (Figures 3.5, 3.6, Table 
3.1). In the layer-wise comparison for this area, it was observed that in both animals, layer I 
had statistically significantly lower average point counts than the other layers, all of which 
were statistically similar apart from some minor variations (See Appendix A, Table 1). In 
most instances in our area-wise comparison, differences in counts in layers across areas 
within the same baboon showed statistically significantly lower average point counts in this 
area compared to the others, while in comparing layers across areas between baboons, it was 
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observed that for the most part, the differences in counts were statistically significantly lower; 
however, these significant differences did not show any consistency in whether one animal 
had higher counts than the other (See Appendix A, Table 2). 
Within area 23, myelin staining revealed thin and densely packed radial fascicles and 
a layer IV dense in tangentially oriented fibres, which allowed us to distinguish between the 
cortical layers in this area. The majority of the radial fascicles extended up to layer II, thereby 
making the supragranular layers of this area more myelin dense when compared to that in 
area 24. Average point counts were lowest in layer II and became higher and consistent in the 
infragranular layers (Figures 3.4, 3.7, 3.8, Table 3.1).  Our layer-wise comparison revealed 
that in both baboons, layer II had statistically significantly the lowest point counts, while the 
remainder had higher, but statistically similar, counts. It was observed that the infragranular 
layers had statistically higher counts than the supragranular layers in both animals (See 
Appendix A, Table 1). Myelin density was equal in the cortical layers of both animals as they 
had very similar average point counts. In our area-wise comparison, area 23 showed that in 
many instances there was some consistency in the statistically significantly lower average 
point counts, having a lower myelin density in the supragranular layers compared to the other 
areas, and this was found for both baboons. No consistencies in the differences were observed 
for the infragranular layers. A comparison of layers across areas between the two baboons 
showed that there was a consistency in statistically significantly lower average point counts 
observed in the supragranular layers and again this consistency in significant differences was 
absent for the infragranular layers (See Appendix A, Table 2). 
MAP-2 immunopositive (MAP-2+) structures were present in all cortical layers and 
densely labelled cell bodies were observed in all layers. Terminal fine branches of apical 
dendrites were quite dense in layer I in both baboons, and horizontal dendrites were evident 
in all layers (Figure 3.4). The overall point counts revealed very little difference in average 
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counts between this area and the others examined, although the counts for this area were on 
the higher side of the range (Figures 3.9, 3.10, Table 3.1). Layer-wise comparisons in this 
area showed that, despite some minor differences, MAP-2+ structures were statistically 
similar in all cortical layers of both animals (See Appendix A, Table 1). In our area-wise 
comparison, there were few instances where in baboon 1, minor statistically significant 
differences were observed but these varied according to area and layer; while in baboon 2, 
there were quite a number of instances where statistically significant differences were 
observed but these did not show specific trend as they varied with layer and area. In 
comparing layers across areas between baboons 1 and 2, there were several instances when 
statistically significant differences was observed but again, these did not show any 
consistency as they varied with layer and area  (See Appendix A, Table 2).  
GFAP immunopositive (GFAP+) structures were most evident in layer I, where glial 
cell bodies and processes were abundant. Glial processes projected modestly into layer II, 
while a few processes projected into layer III and were mostly absent in layer IV. The 
number of glial processes increased slightly in layer V, with a more substantial increase being 
observed in layer VI, although no glial cell bodies were observed. Paucity of the glial 
processes in the middle cortical layers was a common feature in both baboons and was 
clearly reflected in the average point counts (Figures 3.4, 3.11, 3.12, Table 3.1). In the layer-
wise comparison, it was observed that in both animals, layers I and VI had statistically 
significantly higher average point counts than the other layers, despite some minor variations 
(See Appendix A, Table 1). In our area-wise comparison, only minor significant differences 
were observed when comparing layers across areas in the same baboon, and when comparing 
layers across areas between baboons, but these differences did not reveal any consistent trend 
(See Appendix A, Table 2). 
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3.12 Summary of statistical analyses:  
In the layer-wise comparison, layer 1 was found to have statistically significantly 
lower Nissl stained (Nissl+) structures compared to all other cortical layers examined. Out of 
88 comparisons done on this layer, there were 76 statistically significant differences (86.4%).  
All the other layers had higher average point counts, but there were far fewer statistically 
significantly differences. For instance, out of 176 comparisons done on these layers, 170 
comparisons (96.6%) showed no statistically significantly differences in average counts. 
Layer II was found to be statistically significantly lower in myelin density compared to all 
other layers. Out of 70 comparisons done on this layer, layer II was statistically significantly 
different from the other layers 59 times (84.3%). Despite the decreasing trend in MAP-2+ 
structures from supragranular to infragranular layers, the point counts remained mostly stable 
in all the layers examined. Out of a possible 260 comparisons done for all layers, 233 of these 
(89.6%) were found to be statistically insignificant, while only 37 out of the 260 comparisons 
(14.2%) were found to be statistically different in average point counts. Layers I and VI had 
statistically significantly higher GFAP+ structures, while layers II-V were statistically 
significantly lower in point counts; however, it was found that layer I always had more 
average point counts than layer VI. Out of a 176 possible comparisons done for layer I and 
VI, it turned out that 145 of these (82.4%) were statistically significantly higher in GFAP+ 
structures compared to the layers II - V. Out of a possible 102 comparisons done within the 
layers that were statistically significantly lower in GFAP+ structures, (i.e layers II-V), 85 out 
of these (83.3%) were significantly lower in point counts and only 23 out of 102 times 
(22.5%) that this was not the case.  When comparing whether layer I had statistically higher 
point counts than layer VI, out of 176 comparisons done, 87 of these (49.4%) showed that 
layer I had significantly more GFAP+ structures than layer VI and only 59 out of 176 
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comparisons (33.5%) revealed that layer VI had statistically significantly higher counts in 
GFAP+ structures.  
When comparing layers across areas within the same baboon, area 17 was found to 
have the most Nissl+ structures when compared to the rest. Out of 47 comparisons done on 
this area, baboon 1 showed 24 significantly higher differences (51%), while baboon 2 showed 
32 significantly higher differences (68%). Out of 47 comparisons done on area 18 in baboon 
1, there were 14 occurrences of area 18 having significantly higher point counts than the 
other areas (29.8%), while baboon 2 only had 5 significantly higher differences (10.6%). In 
area V4, out of 47 comparisons, baboon 1 showed 21 (44.7%) instances when this area had 
significantly higher counts in its layers compared to the other areas, whereas there were 5 
(10.6%) occurrences where baboon 2 had significantly higher point counts in area V4 
compared to the other examined areas. For the myelin positive structures, three areas, namely 
10, 24 and 23, revealed consistently lower myelin density in their layers compared to the 
other examined areas. Out of 47 comparisons done on area 10, baboon 1 showed 33 instances 
(70.2%) when it had statistically lower point counts compared to the other areas, while 
baboon 2 exhibited 38 instances (80.9%). For area 24, out of 47 comparisons done, there 
were 30 instances (63.8%) when baboon 1 had significantly lower counts compared to the 
other areas, whereas baboon 2 had 34 instances (72.3%). In area 23, 33 out of 47 (70.2%) 
comparisons for baboon 1 showed statistically significantly lower counts in comparison to the 
other areas examined, while in baboon 2, 28 out of 47 (59.6%) comparisons were statistically 
significantly lower. Our statistical analysis showed that within baboons the average point 
counts for MAP-2+ structures were mostly consistent across areas. Within baboon 1, the 
statistical differences in MAP-2 counts were 42 out of 208 comparisons (20.2%), while in 
baboon 2 only 24 significant differences out of 208 comparisons (11.5%) were observed. 
GFAP+ average point counts remained similar in the same layers across all areas within the 
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same baboon. Out of 208 comparisons done within both baboons 1 and 2, it was found that 
each animal revealed only 43 statistically significant differences (20.7%) in point counts 
across all areas.  
When comparing the same layers across areas for Nissl+ structures between baboons, 
there were 137 statistical differences observed out of 469 comparisons done (29.2%). Of the 
137 statistical differences observed, 108 (78.8%) showed that baboon 1 had higher counts in 
Nissl+ structures, while 29 (21.2%) showed that baboon 2 had higher counts. On comparing 
the same layers across areas for myelin+ structures between baboons, there were 226 
observed statistical differences out of 469 comparisons done (48.2%). Of these 226 statistical 
differences observed, 117 (51.8%) showed that baboon 1 had higher point counts, while 109 
(48.2%) showed that baboon 2 had higher point counts. When comparing the same layers 
across areas between baboons, there were 58 statistical differences observed for MAP-2+ 
structures out of 469 comparisons done (12.2%). Of the 58 statistical differences in point 
counts observed, 7 (12.1%) showed that baboon 1 had higher counts, while 51 (87.9%) 
showed that baboon 2 had higher counts. On comparing between baboons for GFAP+ 
structures, 98 statistically significant differences in point counts were observed out of 469 
comparisons (20.9%). Of the 98 significant differences, 27 (27.3%) revealed that baboon 1 
had higher counts, while 71 (72.4%) showed that baboon 2 had higher point counts. 
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Figure 3.1. High power photomicrographs of representative regions showing the 
structures stained in baboon cerebral cortex for quantitative analysis in the current study. 
(A) Nissl stain of the layer I/II border in area 10. (B) Nissl stain of layer IV of area 23. 
(C) Nissl stain of layer VI of area 24. (D) Myelin stain of layer I of area V4. (E) Myelin 
stain of layer IV of area 17. (F) Myelin stain of layer VI of area V4. (G) MAP-2 
immunostain of the layer I/II border in area 17. (H) MAP-2 immunostain of layer IV of 
area V4. (I) MAP-2 immunostain of layer VI of area 18. (J) GFAP immunostain of layer I 
of area 1. (K) GFAP immunostain of layer IV of area 3b. (L) GFAP immunostain of layer 
VI of area 4. The grid in (A) is an example of the grids used for point counting. Scale bar 
= 50 µm. 
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Figure 3.2. Photomicrographs of representative sections of the visual cortical areas 17 (A-
D), 18 (E-H) and V4 (I-L) showing architectonic details from sections stained with Nissl 
(A, E, I), myelin (B, F, J), MAP-2 (C, G, K) and GFAP (D, H, L). Note the clear 
lamination and high cell density and packing with Nissl staining in area 17 (A) as 
opposed to that in areas 18 (E) and V4 (I). Myelin staining in area 17 (B) shows clear 
lamination which is less distinct in areas 18 (F) and V4 (J). For MAP-2 immunostaining 
there is some lamination evident in area 17 (C) while immunopositive cells are seen in 
the infragranular layers in area 18 (G) and in all layers in area V4 (K). GFAP 
immunoreactive structures are dense in layer I , very low in the middle cortical layers and 
show a low density in layers V and VI of areas 17 (D), 18 (H) and V4 (L). Roman 
numerals I-VI denote midpoints of layers in Nissl stained sections (A), (E) and (I). Scale 
bar = 250 µm. 
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Figure 3.3. Photomicrographs of representative sections of granular dorsolateral 
prefrontal, area 10 (A-D), primary motor, area 4 (E-H), primary somatosensory area 3b 
(I-L) and primary somatosensory area 1 (M-P) cortices stained with Nissl (A, E, I, M), 
myelin (B, F, J, N), MAP-2 (C, G, K, O) and GFAP (D, H, L, P). Note the extensive layer 
III in area 4 (E), the large Betz cells marking layer V in area 4 (E) and the evident 
lamination in areas 3b (I) and 1 (M) but indistinct lamination in area 10 (A). Area 4 (F) 
exhibited the highest myelin density in all layers, followed by area 1 (N). No clear 
lamination is evident in these areas with the myelin stain. No lamination of MAP-2 
immunopositive structures was evident in any of these cortical areas. Immunostained cell 
bodies were evident in all layers of areas 10 (C) and 4 (G), but only in the infragranular 
layers in areas 3b (K) and 1 (O).  GFAP immunopositive  structures were most dense in 
layer I, with the lowest density seen in the middle cortical layers, and a slight density 
increase in layers V and VI. Roman numerals I-VI denote midpoints of layers in Nissl 
stained sections (A), (E), (I) and (M). Scale bar = 250 µm. 
 

 55 
 
 
 
 
 
Figure 3.4. Photomicrographs of representative sections of the anterior, area 24 (A-D) 
and posterior, area 23 (E-H) cingulate cortex stained with Nissl (A, E), myelin (B, F), 
MAP-2 (C, G) and GFAP (D, H) illustrating architectonic details. Note the relatively 
higher cell packing density in area 24 (A) compared to area 23 (E). The 
myeloarchitechture in area 23 (E) makes it possible to distinguish cortical layers, which is 
difficult to do in area 24 (B). With an exception of layer I of areas 24 and 23 (C, G), 
Map-2 immunostained cell bodies were observed in all layers of both areas. In both areas 
GFAP immunopositive structures were dense in layer I, very low to absent in the middle 
cortical layers, and relatively low in density in layers V and VI. Glial cell bodies of the 
white matter were revealed with GFAP immunostaining (D, H). Roman numerals I-VI 
denote midpoints of layers in Nissl stained sections (A) and (E). Scale bar = 250 µm. 
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Table 3.1. Profile average point counts across all cortical layers of the examined cortical 
areas. 
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Average 
Counts/100 Specimen 
Nissl 
Bab1 
Nissl 
Bab2 
Myelin 
Bab1 
Myelin 
Bab2 
MAP2 
Bab1 
MAP2 
Bab2 
GFAP 
Bab1 
GFAP 
Bab2 
Area Layer  
17 I 8.6 8 89.9 77.6 65.3 67.1 36.1 51 
 II 41.6 39 45.7 58.8 57.3 60.7 12 17.1 
 III 37.4 41.6 91.6 82.2 50.3 57 4.2 1.6 
 IV 41.2 31.2 96.7 92.1 42.6 56 1.4 0.7 
 V 31.4 33.9 82.1 77.9 45.8 53.7 10 7.8 
 VI 37.1 31.1 90.6 83 56.6 61.3 19.7 28.3 
18 I 9.6 6.6 94.3 87.3 68.7 67.7 34.9 43.4 
 II 37.3 23.9 72.9 78.2 63.4 64.1 7.1 16.2 
 III 29.8 21.3 92 86.4 50.3 55.2 3.4 4.9 
 IV 37.6 25.1 95.6 87.8 52.2 44.6 0.9 0.7 
 V 24.6 17.4 98 89.6 44.1 49.7 1.7 4.7 
 VI 22.6 16.8 97.7 89.1 46.3 48.8 7.1 20.1 
V4 I 7.7 5.6 61 86.8 70 67.9 36.1 38 
 II 32.3 22.7 54.1 69.1 68.4 66.1 7.7 4 
 III 35.1 27.4 64.7 84.8 66.8 59.3 2.4 0.2 
 IV 38.7 27.1 72.6 89 63.3 56.3 1.6 0.6 
 V 28.1 14.9 82.1 90.9 64.3 61.3 4.9 5.2 
 VI 28.9 20.4 76.8 94.4 60.3 62.3 7.9 18.3 
10 I 7.4 7 43.7 23.1 65 66.9 42.9 68.4 
 II 23.7 24.3 56.3 28.1 67.2 64.4 18.8 25.3 
 III 26.3 21.9 69.7 48.7 63.1 61.1 11.1 5.4 
 IV 26.9 23.7 77.6 57.6 60.6 60.7 11.2 0.4 
 V 27.9 24.3 72.7 61.3 62 63.7 20.7 8.3 
 VI 28.7 19.9 78.1 68.4 59.8 61.4 35.1 38.2 
4 I 9.4 5.7 91.7 67 75.7 63.6 53.8 48.4 
 II 22.1 17 82.2 58.6 71.8 62 16.4 21.2 
 III 18.2 15.2 96.1 85.1 64.7 56.4 5.4 7.2 
 IV         
 V 13.6  17 97.7 89.3 56.6 57.8 0.3 0 
 VI 13.2 13.2 96 89.3 56.2 59.3 3.1 7.3 
3b I 12 5.2 72.8 53.6 67.7 65 45 44.7 
 II 25 23.8 71.3 51 62.2 61.4 20.4 20.3 
 III 28.1 23.7 91.1 86.9 57.9 58.3 10.4 3.8 
 IV 18.9 19.6 96.6 88 50.4 59 3.6 0.4 
 V 23.1 17.1 95.4 89 44.8 57.7 3.2 9.2 
 VI 16.3 16.4 96.4 88.8 40.8 53.1 5.2 30.2 
1 I 7.6 6.3 75.6 81.2 74 69.1 43.3 41.4 
 II 25.7 22.9 76.1 73.4 69.6 68.2 19 6.3 
 III 26 22.3 84.7 90.3 64.6 58.6 7.4 1.9 
 IV 27.1 19.2 93.3 92.6 59.7 59.1 3.6 1.1 
 V 20.8 15.1 90.9 92.9 58 56.1 12.1 15.1 
 VI 20.3 12.4 91.1 93.2 55.8 58.3 17.8 36.6 
24 I 8.7 4.6 20.6 35.2 54.9 72.6 51.3 52.6 
 II 18.4 15.2 12.1 28.8 58 71 10.6 32.6 
 III 25 19 30 26.9 52.7 63.2 5.4 0.8 
 IV 18.2 14.7 69.4 49.7 52.7 57.7 4.6 0.3 
 V 23.2 22.4 79.2 68.8 52.4 55 16 12.6 
 VI 15.1 16.2 84.9 85.6 48.2 54.3 32.9 32 
23 I 9.8 5.9 35.7 60.1 70.8 80.1 47.2 53.3 
 II 24.7 22 31.2 45.7 65.6 78.4 12.9 22 
 III 20.4 23.9 51 56.6 58.9 74.4 4 8.3 
 IV 20 17.4 74.9 73.2 61.8 68 0.9 1.3 
 V 19.1 17.6 73.1 75.6 59.8 64 7.7 2.4 
 VI 22.2 15.4 80.1 87 56.7 67.4 19.7 13.8 
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Figure 3.5. Graphical plots of counts of Nissl positive structures against cortical layers in 
the different cortical areas examined in Baboon 1. The upper graph represents the counts 
in all areas examined for comparison to each other, while the smaller graphs illustrate 
each area individually. Note the highest counts across all layers for area 17. 
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Figure 3.6. Graphical plots of counts of Nissl positive structures against cortical layers in 
the different cortical areas examined in Baboon 2. The upper graph represents the counts 
in all areas examined for comparison to each other, while the smaller graphs illustrate 
each area individually. Note again the highest counts across all layers for area 17. 
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Figure 3.7. Graphical plots of counts of myelin positive structures against cortical layers 
in the different cortical areas examined in Baboon 1. The upper graph represents the 
counts in all areas examined for comparison to each other, while the smaller graphs 
illustrate each area individually. Note the higher counts in the deeper cortical layers for 
all areas especially areas 18, 4 and 3b. 
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Figure 3.8. Graphical plots of counts of myelin positive structures against cortical layers 
in the different cortical areas examined in Baboon 2. The upper graph represents the 
counts in all areas examined for comparison to each other, while the smaller graphs 
illustrate each area individually. Note the higher counts in the deeper cortical layers for 
all areas especially area 18, V4, 4, 3b and 1. 
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Figure 3.9. Graphical plots of counts of MAP-2 immunopositive structures against 
cortical layers in the different cortical areas examined in Baboon 1. The upper graph 
represents the counts in all areas examined for comparison to each other, while the 
smaller graphs illustrate each area individually. Note the trend towards a decrease in 
MAP-2 immunopositive structures with increasing depth in the cortex. 
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Figure 3.10. Graphical plots of counts of MAP-2 immunopositive structures against 
cortical layers in the different cortical areas examined in Baboon 2. The upper graph 
represents the counts in all areas examined for comparison to each other, while the 
smaller graphs illustrate each area individually. Note the trend towards a decrease in 
MAP-2 immunopositive structures with increasing depth in the cortex. 
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Figure 3.11. Graphical plots of counts of GFAP immunopositive structures against 
cortical layers in the different cortical areas examined in Baboon 1. The upper graph 
represents the counts in all areas examined for comparison to each other, while the 
smaller graphs illustrate each area individually. Note the high counts in layer I, 
decreasing to very low in the middle cortical layers, and increasing again in layers V and 
VI. 
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Figure 3.12. Graphical plots of counts of GFAP immunopositive structures against 
cortical layers in the different cortical areas examined in Baboon 2. The upper graph 
represents the counts in all areas examined for comparison to each other, while the 
smaller graphs illustrate each area individually. Note the high counts in layer I, 
decreasing to very low in the middle cortical layers, and increasing again in layers V and 
VI. 
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CHAPTER 4 
4.1 Vervet monkey Results: 
This chapter reports the results obtained from the vervet monkeys (Cercopithecus aethiops) 
investigated. As the architecture of the various cortical areas examined in the vervet is quite 
similar to the homologous areas observed in the baboon (see Figures 4.2, 4.3, 4.4), the 
architecture is not described in full. The one major difference worth noting is that in the 
vervet monkey, the apical dendrites of the pyramidal neurons labeled by MAP-2+ clearly 
coalesce as bundles and project superficially from layer V/VI, a feature that was not clearly 
observed in the baboons. The same staining regime and sampling used to reveal Nissl, 
myelin, MAP-2 and GFAP profiles (Figure 4.1), fully described in the preceding chapter, was 
undertaken and is thus not described here. 
 
4.2 Area 17  
Nissl+ positive (Nissl+) average point counts were lowest in layer I, reflecting the low 
numbers of cells in this layer, while the remaining layers had higher, but consistent average 
point counts (Figures 4.5, 4.6, Table 4.1).  Our layer-wise comparisons for this area showed 
that layer I had statistically significantly lower counts than the other layers, all of which were 
statistically similar apart from some minor variations found in both vervet monkeys (See 
Appendix B, Table 1). In comparison to all the other cortical areas, within and between 
vervets, in our area-wise comparison, area 17, for the most part, showed statistically 
significantly higher average point counts across all layers, except layer I (See Appendix B, 
Table 2).  
Myelin+ positive (Myelin+) average point counts revealed that layer II was the least 
heavily myelinated layer, whereas the average counts varied little for the remaining layers; 
however, in both animals layer IV exhibited the highest average counts (Figures 4.7, 4.8, 
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Table 4.1). Our layer-wise comparisons showed that layer II was statistically significantly 
less myelinated than the other layers, all of which were similar apart from a few differences 
in both vervets (See Appendix B, Table 1). In several instances of our area-wise comparison, 
area 17 exhibited statistically significantly higher point counts implying higher myelin 
density in this area compared to the other cortical areas; however, these differences varied 
with layer and area and showed no consistency. When comparing the same layers across 
areas between the vervets, there were several instances of significant differences but no clear 
trends were observed from this comparison (See Appendix B, Table 2).  
 The point counts revealed that in both vervets layers I and VI contained the most 
MAP-2+ positive structures (MAP-2+). In both animals the average point counts decreased to 
a minimum in layer IV and showed a minor increase in layer VI (Figure 4.2).  The overall 
point counts revealed very little difference in average counts between this area and the others 
examined (Figures 4.9, 4.10, Table 4.1). In our layer-wise comparison, it was observed that in 
both vervets there were no detectable statistically significant differences in MAP-2+ 
structures across the cortical layers (See Appendix B, Table 1). In our area-wise comparison, 
there were very few instances when minor within and between animal significant differences 
(when area 17 had statistically lower counts than the other areas) were observed, but these did 
not appear to show any particular trend as they varied according to area and layer (See 
Appendix B, Table 2). 
Middle layer paucity of GFAP+ structures (GFAP+) is reflected in the point counts, 
and the average points counts appeared to be very similar in both vervets (Figures 4.2, 4.11, 
4.12, Table 4.1). In the layer-wise comparison, it was observed that layer I in both vervets 
exhibited statistically significantly higher point counts compared to the other layers; however, 
vervet monkey 2 also showed statistically significantly higher point counts in layer VI 
compared to layers II to V as well (See Appendix B, Table 1). In our area-wise comparison, 
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only minor statistically significant differences that did not follow a specific trend were 
observed when comparing layers across areas in the same vervet, and when comparing layers 
across areas between vervets (See Appendix B, Table 2). 
 
4.3 Area 18  
Average point counts were lowest in layer I reflecting the low numbers of Nissl+ cells 
in this layer, while the remaining layers had higher but consistent average point counts 
(Figures 4.2, 4.5, 4.6, Table 4.1). The layer-wise comparison showed that, in both vervet 
monkeys, layer I had statistically significantly less counts than the other cortical layers, all of 
which were statistically undifferentiated apart from minor variations observed in vervet 1 
(See Appendix B, Table 1). Our area-wise comparison showed that there were few instances 
where minor within and between animal statistically significant differences were observed; 
however, these did not show any consistency in whether one animal had higher counts than 
the other (See Appendix B, Table 2). 
Point counts averages revealed that layer II was the least heavily myelinated, whereas 
the average counts were mostly consistent for the rest of the layers (Figures 4.7, 4.8, Table 
4.1). In the layer-wise comparison, layer II showed statistically significantly lower average 
point counts compared to the other layers, which had higher but statistically similar counts 
apart from some minor variations found in both vervets (See Appendix B, Table 1). In our 
area-wise comparison, there were several instances when within animal statistically 
significant differences were observed when comparing the same layers across areas in both 
vervet monkey 1 and 2, but these differences varied according to layer and area. Similarly, 
when comparing layers across areas between vervets, there were several instances where 
statistically significant differences in average point counts were evident, but again these did 
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not follow any particular trend since they varied according to area and layer (See Appendix 
B, Table 2). 
Average point counts revealed that in both vervets, layer I contained the most MAP-
2+ structures. In both animals, average counts decreased between layers I-V with a slight 
increase in layer VI. The overall point counts revealed very little difference in average counts 
between this area and the others examined (Figures 4.2, 4.9, 4.10, Table 4.1). Our layer-wise 
comparison showed that all cortical layers of area 18 had statistically undifferentiated point 
counts in both animals (See Appendix B, Table 1). In our area-wise comparison, vervet 
monkey 1 did not show any statistically significant differences with the other cortical areas 
examined in this individual. There was one instance in vervet monkey 2 of a statistically 
significant difference; layer VI of area 18 had more MAP-2+ structures than layer VI of area 
24. When comparing the same layers across areas between vervets, a few minor statistically 
significant differences were observed where area 18 had lower counts in its layer I compared 
to that in areas 3b and 4, but had statistically higher counts in layer VI compared to that in 
area 24. These statistical differences did not show any consistency such that when generally 
compared to the rest of the cortical areas examined during the study, area 18 was statistically 
undifferentiated (See Appendix B, Table 2). 
In both animals, middle layer GFAP+ structure paucity was similar, as reflected by 
the average point counts (Figures 4.2, 4.11, 4.12, Table 4.1). The layer-wise comparison 
revealed that layer I had statistically significantly higher average point counts compared to 
the other cortical layers, all of which were statistically similar (See Appendix B, Table 1). In 
our area-wise comparison, it was observed that there were instances when area 18 had 
statistically significant differences in its density of GFAP+ structures in layers I and VI 
compared to other cortical areas, but these significant differences did not follow any 
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particular trend as they varied with layer and area, in both animals (See Appendix B, Table 
2). 
 
4.4 Area V4 
Nissl+ structures average point counts were lowest in layer I, reflecting the low 
numbers of cells in this layer, while the remaining layers had higher, but consistent, average 
point counts (Figures 4.2, 4.5, 4.6, Table 4.1). Our layer-wise comparisons for this area 
showed that in both vervets, layer I had statistically significantly less point counts than the 
other layers, all of which were statistically similar apart from some minor variations (See 
Appendix B, Table 1). In our area-wise comparisons, a few minor within and between animal 
statistically significant differences in point counts were observed, but these did not follow 
any specific trend to suggest that one animal had higher point counts than the other. For 
example, when comparing layers across areas within vervet 1, minor within animal 
differences were observed in layers II, IV, V and VI, while within animal differences were 
exhibited in vervet monkey 2 were seen in layers II, IV and VI. In comparing layers across 
areas between vervets, the significant differences were observed in layers II, IV VI and VI 
(See Appendix B, Table 2). 
The average point counts revealed that layer II was the least heavily myelinated layer, 
whereas the remaining layers had higher but mostly consistent counts, with layer VI having 
the highest counts in this area (Figures 4.2, 4.7, 4.8, Table 4.1). Our layer-wise comparison 
showed that in both animals, layer II had statistically significantly lower average point counts 
compared to the others, which had higher but statistically similar point counts, despite some 
minor variations (See Appendix B, Table 1). In our area-wise comparison, there were many 
instances when area V4 of vervet 1 showed statistically significantly higher point counts 
compared to other areas, but these varied according to layers and areas. Similarly, when 
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comparing layers across areas, vervet 2, for the most part, showed statistically significantly 
higher point counts compared to the other areas; however, these too did not show any 
consistency. When comparing layers across areas between vervets, for the most part, area V4 
showed many statistically significant differences in average point counts compared to other 
areas, but these varied according to areas and layers (See Appendix B, Table 2). 
Point counts averages revealed that in both vervets, layer I contained the most MAP-
2+ structures. In both animals, average counts decreased between layers I-V with a slight 
increase in layer VI. The overall point counts revealed very little difference in average counts 
between this area and the others examined (Figures, 4.2, 4.9, 4.10, Table 4.1). In the layer-
wise comparison, both animals did not show any statistically significant variation in average 
point counts (See Appendix B, Table 1). In the area-wise comparison, a few minor 
statistically significant differences within and between animals, but these differences varied 
according to layer and area and showed no specific trend (See Appendix B, Table 2). 
The GFAP+ structure paucity in the middle layers of the cortex was reflected in the 
point counts (Figures 4.2, 4.11, 4.12, Table 4.1). In the layer-wise comparison, layer I in both 
animals showed statistically significantly higher point counts compared to all the other layers, 
which were statistically undifferentiated (See Appendix B, Table 1). In the area-wise 
comparisons, area V4 had statistically higher point counts in layers I and VI compared to 
several other areas; however, these statistical differences varied according to layer and area 
and did not show any identifiable trend (See Appendix B, Table 2). 
 
4.5 Area 10:   
Average point counts were lowest in layer I, reflecting the low numbers of Nissl+ 
cells in this layer, while the other layers had higher but consistent average point counts 
(Figures 4.5,4.6, Table 4.1). In our layer-wise comparison, it was observed that in both 
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animals, layer I exhibited statistically significantly lower average point counts compared to 
all the other cortical layers, that showed no statistically significant differences (See Appendix 
B, Table 1). In our area-wise comparison, vervet 1 showed statistically significantly lower 
point counts across cortical layers compared to many of the other areas examined; however, 
these differences in point counts did not follow a specific trend. When comparing the same 
layers across areas in vervet 2, only layer VI showed one statistically significant difference 
compared to layer VI of area 24, where it had significantly higher point counts.  In comparing 
layers across areas between vervets, a few minor statistically significant differences were 
observed but these did not follow any specific trend as they varied with layer and area (See 
Appendix B, Table 2). 
Average point counts for myelin+ structures were low in layer II, but were for the 
most part consistent in the other layers (Figures 4.7, 4.8, Table 4.1). In the layer-wise 
comparison, it was observed that layer II in both animals had statistically significantly lower 
point counts compared to the other layers, which were statistically similar apart from some 
minor variations (See Appendix B, Table 1). Our area-wise comparison showed that area 10, 
in both vervets, had in most instances statistically significantly lower myelin density across 
all its layers when compared to all other areas, the exception to this being area 24. When 
comparing layers across areas between vervets, area 10 showed statistically significantly 
lower point counts compared to all other areas; however, these significant differences varied 
according to layer and area (See Appendix B, Table 2). It is clear that area 10 is a myelin 
poor area in comparison to most of the cortical areas examined. 
The MAP-2+ structures overall point counts revealed very little difference in average 
counts between this area and the others examined (Figures 4.9, 4.10, Table 4.1). Our layer-
wise comparison showed that in both animals, there was no statistical difference in the 
number of MAP-2+ structures across cortical layers of this area (See Appendix B, Table 1). 
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In our area-wise comparison, a few minor within and between animal statistically significant 
differences were observed, where in a few instances area 10 had statistically significantly 
lower counts compared to the other areas; however, these differences did not follow any 
identifiable trend (See Appendix B, Table 2). 
In both vervets, the paucity of GFAP+ structures in the middle layers of this cortical 
region is reflected in the average point counts, which appear similar (Figures 4.3, 4.11, 4.12, 
Table 4.1). In the layer-wise comparison, it was observed that layer I in both animals, had 
statistically significantly higher GFAP+ structures compared to the other layers; however, in 
vervet monkey 1 statistically significantly higher point counts in layer VI compared to layers 
II-V were noted, all of which were statistically similar except for layer V which had 
statistically significantly higher point counts than layers II-IV (See Appendix B, Table 1). 
Our area-wise comparison showed that there were a few minor within and between animal 
statistically significant differences in point counts, but these differences varied according to 
layer and area and showed no identifiable trend (See Appendix B, Table 2). 
 
4.6 Area 4:  
Average point counts in Nissl+ structures were low in layer I, while the remaining 
layers had higher but consistent point counts (Figures 4.5, 4.6, Table 4.1). In the layer-wise 
comparison, it was observed that in both animals, layer I exhibited statistically significantly 
lower average point counts compared to the other cortical layers, which were statistically 
similar except for a minor variation detected in vervet monkey 1 (See Appendix B, Table 1). 
In our area-wise comparison, there were a few instances when area 4 showed statistically 
significantly higher point counts within and between vervets, compared to the other areas, but 
these counts did not show any consistency in whether one animal had significantly higher 
counts than the other (See Appendix B, Table 2). 
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Myelin average point counts were lowest in layer II in both animals, but were higher 
and consistent in the other layers (Figures 4.3, 4.7, 4.8, Table 4.1). Our layer-wise 
comparison showed that layer II in both animals exhibited statistically significantly lower 
point counts compared to the other cortical layers, all of which were statistically similar apart 
from some minor significant differences (See Appendix B, Table 1). In our area-wise 
comparison, it was shown that in many instances, area 4 of both vervet monkeys revealed 
statistically significantly higher point counts across its layers compared to the other areas; 
however, these differences varied according to layers and areas and did not reveal an 
identifiable trend. When comparing layers across areas between vervets, it was observed that 
in many instances, there were statistically significant differences in point counts, but again 
these differences did not reveal any specific trend (See Appendix B, Table 2). 
The overall point counts in MAP-2+ structures revealed very little difference in 
average counts between this area and the others examined (Figures 4.9, 4.10, Table 4.1). In 
our layer-wise comparison, it was observed that in both animals, all the cortical layers of this 
area were statistically undifferentiated (See Appendix B, Table 1). In our area-wise 
comparison, it was observed that area 4 had a few minor within and between animal 
statistically significant differences, but these differences did not follow any particular trend 
and they tended to vary randomly according to layer and area (See Appendix B, Table 2).  
The paucity of GFAP+ structures in the middle layers of area 4 was evident in the 
average point counts in both vervets (Figures 4.3, 4.11, 4.12, Table 4.1). Our layer-wise 
comparison revealed that layer I in both animals had statistically significantly higher GFAP+ 
structures compared to the other cortical layers, all of which were statistically similar (See 
Appendix B, Table 1). In our area-wise comparison, it was observed that area 4 of both 
vervets showed minor statistically significant differences in point counts compared to the 
other areas, but these differences did not follow any specific trend. A comparison of layers 
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across areas between vervets, showed that there were a few minor significant differences in 
point counts, but these did not follow any specifically identifiable trend (See Appendix B, 
Table 2). 
 
4.7 Area 3b:  
Average point counts were lowest in layer I, reflecting the low numbers of Nissl+  
cells in this layer, while the other layers had higher but consistent average point counts 
(Figures 4.5, 4.6, Table 4.1). In our layer-wise comparison, it was observed that in both 
animals, layer I exhibited statistically significantly lower average point counts compared to 
the other cortical layers, which were statistically similar except for a minor variation detected 
in vervet monkey 2 (See Appendix B, Table 1). In our area-wise comparisons, area 3b 
exhibited, in both animals, a few within and between animal statistically significantly higher 
point counts compared to other areas, but these varied according to layer and area and 
showed no identifiable trend (See Appendix B, Table 2). 
Myelin+ structures average point counts were lowest in layer II in both vervets and 
were higher but consistent in the remaining layers (Figures 4.3, 4.7, 4.8, Table 4.1). In the 
layer-wise comparison, layer II in both vervet monkeys showed statistically significantly 
lower myelin density compared to the other layers, all of which were statistically 
undifferentiated apart from some minor variations (See Appendix B, Table 1). Our area-wise 
comparison showed that in many instances this area exhibited statistically significantly higher 
point counts than the other areas; however, no clear trends emerged from this comparison. 
Both baboons showed equal myelin density across the cortical layers of this area (See 
Appendix B, Table 2).  
The overall MAP-2+ structures point counts revealed very little difference in the 
average counts between this area and the others examined (Figures 4.3, 4.9, 4.10, Table 4.1). 
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In our layer-wise comparison, it was observed that in both animals, all the cortical layers of 
this area were statistically undifferentiated in average point counts, except for minor 
differences detected in layers V and VI of vervet monkey 1 (See Appendix B, Table 1). In 
our area-wise comparison, it became clear that in some instances, both animals had 
statistically significantly higher point counts in their supragranular layers and a few instances 
of lower average point counts in their infragranular layers compared to the other cortical 
areas investigated in the same animal, but these differences showed no identifiable trend. A 
comparison of the same layers across areas between animals again revealed a few instances 
where average point counts were statistically significantly different, but again, these did not 
show any consistent trend; however, vervet monkey 1 had slightly higher point counts of 
MAP-2+ structures across its cortical layers when compared to vervet monkey 2 (See 
Appendix B, Table 2). 
The paucity of GFAP+ structures in the middle cortical layers was a common feature 
in both vervets and was revealed in the point counts (Figures 4.3, 4.11, 4.12, Table 4.1). In 
our layer-wise comparison, it was observed that layer I in both animals, had statistically 
significantly higher numbers of GFAP+ structures compared to the other layers, all of which 
were statistically similar (See Appendix B, Table 1). In our area-wise comparison, it was 
observed that in both animals there were a few within and between statistically significantly 
differences in high average point counts, but these varied according to layer and area and 
showed no identifiable trend (See Appendix B, Table 2).  
 
4.8 Area 1:  
Nissl+ structures average point counts were lowest in layer I, reflecting the low 
numbers of cells in this layer, while the remaining layers had higher, but consistent average 
point counts (Figures 4.3, 4.5, 4.6, Table 4.1). Our layer-wise comparison showed that in both 
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vervet monkeys, layer I exhibited statistically significantly less point counts than the other 
cortical layers, which were statistically similar except for a minor variation observed for layer 
V of vervet 1 (See Appendix B, Table 1). In our area-wise comparison, it was observed that 
in some instances this area exhibited a few within and between animal statistically 
significantly lower point counts than the other areas, but these differences varied according to 
layer and area and showed no identifiable trend (See Appendix B, Table 2). 
Average point counts of myelin+ structures were lowest in layer II in both animals, 
but were higher and consistent in number in the remaining layers (Figures 4.3, 4.7, 4.8, Table 
4.1). In our layer-wise comparison, it was observed that layer II in both vervet monkeys had 
statistically significantly lower average point counts compared to the other layers, all of 
which were statistically undifferentiated apart from some minor variations (See Appendix B, 
Table 1). In the area-wise comparison, it was revealed that area 1 showed many statistically 
significantly higher point counts than other areas in same animal and between animals; 
however, these differences varied according to layer and area and showed no specific trend. 
Both animals showed equal myelin density in this area (See Appendix B, Table 2). 
MAP2+ structures overall point counts revealed very little difference in average 
counts between this area and the others examined (Figures 4.3, 4.9, 4.10, Table 4.1). In our 
layer-wise comparison, it was observed that in both animals, all the cortical layers of this area 
were statistically undifferentiated in average point counts (See Appendix B, Table 1). Our 
area-wise comparison showed that there were a few instances when area 1 revealed minor 
statistically significantly different average point counts compared to the other areas in same 
and between animals; however, these differences did not follow any specific trend as they 
varied according to layer and area (See Appendix B, Table 2). 
In both vervets, paucity of GFAP+ structures in the middle layers of the cortex is 
evident in the average point counts (Figures 4.3, 4.11, 4.12, Table 4.1). In our layer-wise 
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comparison, it was observed that layer I in both animals, had statistically significantly higher 
average point counts than the other layers, which were statistically undifferentiated (See 
Appendix B, Table 1). In our area-wise comparison, only a few minor statistically significant 
differences were observed when comparing layers across areas in the same vervet and 
between vervets. These differences in point counts did not follow any specific trend as they 
varied according to layer and area (See Appendix B, Table 2).  
 
4.9 Area 24:  
Average point counts were lowest in layer I, reflecting the low numbers of Nissl+ 
cells in this layer, while the remaining layers had higher, but consistent average point counts 
(Figures 4.4, 4.5, 4.6, Table 4.1). In our layer-wise comparison, it was observed that in both 
vervet monkeys, layer I exhibited statistically significantly less point counts than the other 
cortical layers, which were statistically undifferentiated with the exception of a minor 
variation observed for layer VI of vervet 2 (See Appendix B, Table 1). In a few instances in 
our area-wise comparison, area 24 showed minor within and between animal statistically 
significantly lower average point counts than the other areas; however, these differences did 
not show any consistency in whether one animal had higher point counts than the other (See 
Appendix B, Table 2). 
Average point counts for myelin+ structures were lowest in layer II in both vervets, 
but were higher and appeared consistent in the other layers with layer VI having the highest 
point counts (Figures 4.4, 4.7, 4.8, Table 4.1). In our layer-wise comparison, it was observed 
that layer II in both vervet monkeys had statistically significantly lower average point counts 
compared to the other layers, all of which were statistically similar apart from some minor 
variations. The deeper cortical layers, V and VI, had statistically significantly higher point 
counts than the supragranular layers, in both animals (See Appendix B, Table 1). In our area-
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wise comparison, it was observed that area 24 had consistently statistically significantly 
lower myelin counts in comparison to all the other areas examined (See Appendix B, Table 
2).  
The overall point counts of MAP-2+ structures revealed very little difference in 
average counts between this area and the others examined (Figures 4.4, 4.9, 4.10, Table 4.1). 
In our layer-wise comparison, it was observed that in both animals, all the cortical layers of 
this area were statistically undifferentiated, except for minor differences due to statistically 
lower counts detected in layers V and VI of vervet monkey 2 (See Appendix B, Table 1). In 
our area-wise comparison, it became clear that there were a few instances when area 24 had 
statistically significantly lower average point counts compared to the other areas, but these 
differences varied according to layer and area and showed no consistent trend (See Appendix 
B, Table 2).  
There was paucity in GFAP+ structures in the middle layers of the cortex as 
evidenced by the average point counts, but the number increased modestly in layer VI  
(Figures 4.4, 4.11, 4.12, Table 4.1). In our layer-wise comparison, layers I and VI of vervet 
monkey 1 showed statistically significantly higher average point counts compared to the 
other layers, which were statistically similar. Conversely, in vervet monkey 2, it was 
observed that both layers I and II had statistically significantly higher counts than the other 
cortical layers, which were statistically similar (See Appendix B, Table 1). In our area-wise 
comparison, only a few minor statistically significant differences were observed when 
comparing layers across areas within and between vervets; however, these differences did not 
show any consistent trend (See Appendix B, Table 2).   
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4.10 Area 23:  
Nissl+ structures average point counts were lowest in layer I, reflecting the low 
numbers of cells in this layer, while the remaining layers had higher, but consistent average 
point counts (Figures 4.4, 4.5, 4.6, Table 4.1). Our layer-wise comparison revealed that in 
both animals, layer I exhibited statistically significantly lower average point counts compared 
to all the other cortical layers, which were statistically similar (See Appendix B, Table 1). In 
our area-wise comparison, area 23 showed statistically significantly minor differences in 
having lower point counts compared to the other areas in both the same vervet and between 
animals; however, these differences did not show any consistency in whether one animal had 
higher or lower counts than the other (See Appendix B, Table 2). 
Myelin+ structures average point counts were lowest in layer II and became higher 
and consistent in the other layers (Figures 4.4, 4.7, 4.8, Table 4.1). In our layer-wise 
comparison, it was observed that layer II in both animals, had statistically significantly lower 
average point counts compared to the other layers, all of which were statistically 
undifferentiated apart from a few minor variations. The deeper cortical layers had statistically 
significantly higher point counts than the supragranular layers in both animals (See Appendix 
B, Table 1). In our area-wise comparison, it became clear that in most instances, area 23 had 
statistically significantly lower myelin densities than the other cortical areas, except area 24 
(See Appendix B, Table 2).  
MAP-2+ structtures overall point counts revealed very little difference in average 
counts between this area and the others examined (Figures 4.4, 4.9, 4.10, Table 4.1). In our 
layer-wise comparison, it was observed that layer I in vervet monkey 1, had statistically 
significantly higher point counts than the other cortical layers, all of which had statistically 
similar point counts; however, in vervet monkey 2 all layers were statistically 
undifferentiated (See Appendix B, Table 1). In our area-wise comparison, area 23 showed 
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some statistically significantly lower average point counts than the other areas, but these did 
not show any consistent trend (See Appendix B, Table 2). 
In both vervets, paucity of GFAP+ structures in the middle layers of area 23 was a 
common feature as evidenced by the average point counts in both animals (Figures 4.4, 4.11, 
4.12, Table 4.1). Our layer-wise comparison showed that layer I, in both animals, had 
statistically significantly higher average point counts than the others, which were statistically 
similar (See Appendix B, Table 1). Our area-wise comparison revealed that only a few minor 
statistically significant differences were observed when comparing differences in average 
point counts in the same layers across areas within and between vervets; however, these 
differences did not show any consistent trend (See Appendix B, Table 2). 
 
4.11 Summary of statistical analyses: 
During the layer-wise comparison, it became clear that layer I had statistically 
significantly lower Nissl stained (Nissl+) structures compared to all other cortical layers 
examined. Out of 88 comparisons done on this layer, there were 86 statistically significant 
differences (97.7%). All the other layers had higher point counts, but there were far fewer 
statistically significant differences. For instance, out of 176 comparisons done on these 
layers, 169 comparisons (96%) showed that they were statistically undifferentiated in average 
counts. Layer II was found to be statistically significantly lower in myelin density compared 
to all other layers. Out of 70 comparisons performed on this layer, layer II had 70 statistically 
significant differences (100%). Despite the decreasing trend in the number of MAP-2+ 
structures from supragranular to infragranular layers, the point counts remained statistically 
undifferentiated in all the layers examined. Out of 260 possible comparisons done in all 
layers, 247 of these (95%) were found to be statistically insignificant, while 13 out of the 260 
comparisons (5%) were found to be statistically different in average point counts. Layers I 
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and VI had statistically significantly higher numbers of GFAP+ structures, while layers II-V 
were statistically significantly lower in point counts; however, it was found that layer I 
always had more average point counts than layer VI. Out of a possible 102 comparisons done 
on the layers that were statistically significantly lower in GFAP+ structures, (i.e layers II-V), 
99 out of these (97%) were significantly lower in point counts. On comparing whether layer I 
had statistically higher counts than layer VI, out of 176 possible comparisons done, 110 of 
these (62.5%) revealed that layer I had significantly more GFAP+ structures than layer VI.  
When comparing the same layers across areas in the same animal, area 17 was found 
to have the most Nissl+ structures. Out of 47 comparisons done on this area, vervet monkey 1 
showed 25 significant differences (53.2%), while vervet monkey 2 showed 16 significant 
differences (34%). Out of 47 comparisons done on area 18 of vervet monkey 1, there were 10 
instances when area 18 had significantly higher counts (21.3%), while vervet monkey 2  had 
3 significant differences (6.4%). In area V4, out of 47 comparisons, vervet monkey 1 showed 
8 instances (17%) when this area had significantly higher counts in its layers compared to the 
others, whereas there were 6 instances (12.8%) where vervet monkey 2 revealed significantly 
higher point counts compared to the other examined areas. For the myelin positive structures, 
three areas, namely 10, 24 and 23, revealed consistently lower myelin densities compared to 
the other areas. Out of 47 comparisons done on area 10, vervet monkey 1 showed 31 
instances (66%) when it had statistically significant lower point counts compared to the other 
areas, while vervet monkey 2 revealed 17 instances (36.2%). In area 24, 34 out of 47 
comparisons done on this area (72.3%) showed that vervet monkey 1 had significantly lower 
counts compared to the other areas examined, while in vervet monkey 2, 45 out of 47 
comparisons (95.7%) were statistically significantly lower. For area 23, 19 out of 47 (40.4%) 
comparisons in vervet monkey 1 showed statistically lower counts, while in vervet monkey 2, 
30 out of 47 (63.8%) comparisons were statistically significantly lower in point counts 
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compared to the others. Our statistical analysis showed that within and between vervet 
monkeys average point counts for MAP-2+ structures were constant in all layers across all 
areas. Within vervet monkey 1, the statistically significant differences in MAP-2 counts were 
31 out of 208 comparisons (14.9%), while in vervet monkey 2, 11 out of 208 comparisons 
(5.3%) were observed. GFAP+ structures average point counts remained similar in all layers 
across all areas within the same vervet monkey. Out of 208 comparisons done, vervet 
monkeys 1 showed 20 significant differences (10.6%), while vervet monkey 2 revealed 33 
significant differences (15.9%). 
When comparing the same layers across areas between vervets for Nissl+ counts, 
there were 65 statistically significant differences observed out of 469 comparisons (13.9%). 
Of the 65 significant differences, 36 (55.4%) showed that vervet 1 had higher counts in 
Nissl+ structures, while 29 (44.6%) revealed that vervet 2 had higher counts. On comparing 
layers across areas between vervets for myelin+ structures, 209 significant differences were 
observed out of 469 comparisons done (44.6%). Out of these 209 statistical differences, 126 
(60.3%) showed that vervet 1 had higher counts, while 83 (39.7%) showed that vervet 2 had 
higher counts.  When comparing layers across areas between vervet monkeys for MAP-2+ 
structures, there were 35 statistically significant differences in point counts observed out of 
469 comparisons (7.5%). Of these 35 statistical differences, 33 (94.3%) showed that vervet 1 
had higher counts, while 2 (5.7%) showed that vervet 2 had higher counts. When comparing 
between vervet monkeys for GFAP+ structures, 67 statistically significant differences in 
point counts of 469 comparisons (14.3%) were observed. Out of the 67 statistical differences, 
38 (56.7%) showed that vervet 1 had higher counts, while 29 (43.3%) showed that vervet 2 
had higher counts.  
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Figure 4.1. High power photomicrographs of representative regions showing the 
structures stained in vervet monkey cerebral cortex for quantitative analysis in the current 
study. (A) Nissl stain of the layer I/II border in area 18. (B) Nissl stain of layer IV of area 
17. (C) Nissl stain of layer VI of area V4. (D) Myelin stain of layer I of area 4. (E) 
Myelin stain of layer IV of area 3b. (F) Myelin stain of layer VI of area 1. (G) MAP-2 
immunostain of the layer I/II border in area 1. (H) MAP-2 immunostain of layer IV of 
area 3b. (I) MAP-2 immunostain of layer VI of area 4. (J) GFAP immunostain of layer I 
of area 24. (K) GFAP immunostain of layer IV of area 23. (L) GFAP immunostain of 
layer VI of area 24. Scale bar = 50 µm. 
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Figure 4.2. Photomicrographs of representative sections of the visual cortical areas 17 (A-
D), 18 (E-H) and V4 (I-L) showing architectonic details from sections stained with Nissl 
(A, E, I), myelin (B, F, J), MAP-2 (C, G, K) and GFAP (D, H, L). Note the clear 
lamination and high cell density and packing with Nissl staining in area 17 (A) as 
opposed to that in areas 18 (E) and V4 (I). Myelin staining in area 17 (B) shows clear 
lamination which is less distinct in areas 18 (F) and V4 (J). For MAP-2 immunostaining 
there is some lamination evident in area 17 (C) while immunopositive cells are seen in 
the infragranular layers in area 18 (G) and in the deeper layers in area V4 (K). GFAP 
immunoreactive structures are dense in layer I , very low in the middle cortical layers and 
show a low density in layers V and VI of areas 17 (D), 18 (H) and V4 (L). Roman 
numerals I-VI denote midpoints of layers in Nissl stained sections (A), (E) and (I). Scale 
bar = 250 µm. 
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Figure 4.3. Photomicrographs of representative sections of granular dorsolateral 
prefrontal, area 10 (A-D), primary motor, area 4 (E-H), primary somatosensory area 3b 
(I-L) and primary somatosensory area 1 (M-P) cortices stained with Nissl (A, E, I, M), 
myelin (B, F, J, N), MAP-2 (C, G, K, O) and GFAP (D, H, L, P). Note the extensive layer 
III in area 4 (E), the large Betz cells marking layer V in area 4 (E) and the evident 
lamination in areas 3b (I) and 1 (M) but indistinct lamination in area 10 (A). Area 4 (F) 
exhibited the highest myelin density in all layers, followed by area 1 (N). No clear 
lamination is evident in these areas with the myelin stain. No lamination of MAP-2 
immunopositive structures was evident in any of these cortical areas. Immunostained cell 
bodies were evident in all layers of areas 10 (C),  4 (G), 3b (K) and 1 (O).  Note the 
bundles of apical dendrites, which vary in heights, originating from clearly labelled cells 
in the deeper layers in 10 (C), 4 (G), 3b (K) and 1 (O). GFAP immunopositive  structures 
were most dense in layer I, with the lowest density seen in the middle cortical layers, and 
a slight density increase in layers V and VI. Roman numerals I-VI denote midpoints of 
layers in Nissl stained sections (A), (E), (I) and (M). Scale bar = 250 µm. 
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Figure 4.4. Photomicrographs of representative sections of the anterior, area 24 (A-D) 
and posterior, area 23 (E-H) cingulate cortex stained with Nissl (A, E), myelin (B, F), 
MAP-2 (C, G) and GFAP (D, H) illustrating architectonic details. Note the relatively 
lower cell packing density in area 24 (A) compared to area 23 (E). The 
myeloarchitechture in area 23 (E) makes it possible to distinguish cortical layers, which is 
difficult to do in area 24 (B). Map-2 immunostained cell bodies were observed in the 
deeper layers of both areas 24 and 23 (C, G). In both areas GFAP immunopositive 
structures were dense in layer I, very low to absent in the middle cortical layers, and 
relatively low in density in layers V and VI. Glial cell bodies of the white matter were 
revealed with GFAP immunostaining (D, H). Roman numerals I-VI denote midpoints of 
layers in Nissl stained sections (A) and (E). Scale bar = 250 µm. 
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Table 4.1. Profile average point counts across all cortical layers of the examined cortical 
areas. 
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Average 
Counts/100 Specimen 
Nissl 
Verv1 
Nissl 
Verv2 
Myelin 
Verv1 
Myelin 
Verv2 
MAP2 
Verv1 
MAP2 
Verv2 
GFAP 
Verv1 
GFAP 
Verv2 
Area Layer  
17 I 8.7 6 79 71.8 71.4 71.2 35.4 39 
 II 39.9 38 47.4 35.8 64.3 68 8 3.9 
 III 35.1 30.3 79.6 85.4 61.9 66 0.2 0.3 
 IV 37.6 42.3 92.7 95.2 61.9 63.1 0.1 0 
 V 35.7 30.9 66.4 83.2 63.2 63.3 4.8 7.4 
 VI 46.6 40 79.4 92.2 70.1 72 14 22.2 
18 I 5.9 5.1 83 73.2 72.8 69.2 40.1 32.1 
 II 35.8 29 52.8 34.1 68.7 67 4.9 3.8 
 III 28 24.8 85 85.2 63 67.3 0.9 1.3 
 IV 37 29 90 95.6 65.7 63 1.1 0.9 
 V 25.6 23.6 95.7 95.1 64.2 62.6 0.9 0.2 
 VI 27.7 26.2 97 97.4 65.7 63.1 7.2 1.1 
V4 I 7 7.2 82.3 73.2 70.1 68 34.7 32.9 
 II 28.7 34.8 62 31.8 64 64.7 2.7 2 
 III 27.1 29.9 86.6 89.6 62.7 64.3 1.4 0 
 IV 36.2 38.1 90.8 94.7 68.7 63.1 1.1 0.1 
 V 23.8 25.1 94.1 97.2 67.3 61.9 2 0.1 
 VI 30.9 31.2 95.2 95.9 66.3 65.7 3.1 0.8 
10 I 8.6 8.3 43.8 50.1 67.4 67.3 34.8 52.1 
 II 21.3 25.6 44.6 27.2 64.2 66.8 0.7 2.3 
 III 20.1 28.2 61.3 77.9 67.9 66.7 0 0 
 IV 24.9 29.4 72.1 87.6 63.6 62.2 0 0 
 V 18.4 26.1 81.2 88.2 68.2 64.4 5 0 
 VI 18.6 26.6 92.2 90.2 63.7 63.6 13 2 
4 I 7 7 67.3 79.6 80.6 71 42.6 41.4 
 II 24.7 26.3 57.8 52.9 77.7 71.6 4.1 3.4 
 III 26 22 95.1 95.6 72.2 70.7 2.1 0.9 
 IV         
 V 22.6 24.2 95.4 97.9 74.7 67.3 1.1 0.6 
 VI 15.6 20 96.3 97.6 70.6 66.6 5.6 0.7 
3b I 7.8 6 62.6 52.6 82.2 70.8 41.3 42.4 
 II 30.6 30.4 48.4 36 77.6 69.9 2.3 3.4 
 III 27.3 32.3 88.2 90.7 73.7 66.6 1 0.1 
 IV 25.8 26.7 93.9 94.8 72.1 64.7 2 0.9 
 V 24.2 21.4 91.8 93.8 71.4 65.7 0.8 0.1 
 VI 24.3 22.6 92.8 93.4 67.2 64.1 1.9 0.6 
1 I 7 6.3 65.8 68.9 79.7 71.8 42.1 26.2 
 II 32.9 29.7 58.6 56.1 65.6 67.8 1.2 0.1 
 III 26.9 25.7 96.1 91.9 71.2 66.2 0 0 
 IV 28.2 28.7 94.8 97.9 69.7 65.6 0 0 
 V 21.4 23.4 96.6 96.6 71.7 66.4 0.4 0 
 VI 25.1 24 94.6 96.3 69 66.4 5.2 0.3 
24 I 9 6.2 50.3 22.1 70.4 64.6 47.2 66.6 
 II 25.1 28.2 25.1 13.9 69.4 68 3.2 23.8 
 III 24.9 28.2 50.2 35.3 65.4 66.9 0.1 2.4 
 IV 21.4 23.2 58.6 49.7 58.8 63.7 0.1 1.3 
 V 27.5 24.1 70 57.2 60.2 55.7 0.4 1.8 
 VI 23.4 15.6 86.7 76.2 60.7 51.1 18.4 4 
23 I 8.2 6.1 57 38.9 72.3 70.4 55.9 33.9 
 II 25.8 24 42.1 24.3 62.7 68.4 9.8 2.7 
 III 23.8 22.1 75.1 66.6 61.3 66.6 1 0 
 IV 30.2 25.6 86.9 81.7 62.9 63.2 0.1 0 
 V 26.3 28 86.9 81.7 60 67 0.6 0 
 VI 28.6 25.2 92.2 87.3 58.9 60.4 6.1 0.8 
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Figure 4.5. Graphical plots of counts of Nissl positive structures against cortical layers in 
the different cortical areas examined in vervet monkey 1. The upper graph represents the 
counts in all areas examined for comparison to each other, while the smaller graphs 
illustrate each area individually. Note the highest counts across all layers for area 17. 
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Figure 4.6. Graphical plots of counts of Nissl positive structures against cortical layers in 
the different cortical areas examined in vervet monkey 2. The upper graph represents the 
counts in all areas examined for comparison to each other, while the smaller graphs 
illustrate each area individually. Note again the highest counts across all layers for area 
17. 
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Figure 4.7. Graphical plots of counts of myelin positive structures against cortical layers 
in the different cortical areas examined in vervet monkey 1. The upper graph represents 
the counts in all areas examined for comparison to each other, while the smaller graphs 
illustrate each area individually. Note the higher counts in the deeper cortical layers for 
all areas especially areas 18,V4,4,3b and 1. 
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Figure 4.8. Graphical plots of counts of myelin positive structures against cortical layers 
in the different cortical areas examined in vervet monkey 2. The upper graph represents 
the counts in all areas examined for comparison to each other, while the smaller graphs 
illustrate each area individually. Note the higher counts in the deeper cortical layers for 
all areas especially area 18,V4,4,3b and 1. 
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Figure 4.9. Graphical plots of counts of MAP-2 immunopositive structures against 
cortical layers in the different cortical areas examined in vervet monkey 1. The upper 
graph represents the counts in all areas examined for comparison to each other, while the 
smaller graphs illustrate each area individually. Note the trend towards a decrease in 
MAP-2 immunopositive structures with increasing depth in the cortex. 
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Figure 4.10. Graphical plots of counts of MAP-2 immunopositive structures against 
cortical layers in the different cortical areas examined in vervet monkey 2. The upper 
graph represents the counts in all areas examined for comparison to each other, while the 
smaller graphs illustrate each area individually. Note the trend towards a decrease in 
MAP-2 immunopositive structures with increasing depth in the cortex. 
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Figure 4.11. Graphical plots of counts of GFAP immunopositive structures against 
cortical layers in the different cortical areas examined in vervet monkey 1. The upper 
graph represents the counts in all areas examined for comparison to each other, while the 
smaller graphs illustrate each area individually. Note the high counts in layer I, 
decreasing to very low in the middle cortical layers, and increasing again in layers V and 
VI. 
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Figure 4.12. Graphical plots of counts of GFAP immunopositive structures against 
cortical layers in the different cortical areas examined in vervet monkey 2. The upper 
graph represents the counts in all areas examined for comparison to each other, while the 
smaller graphs illustrate each area individually. Note the high counts in layer I, 
decreasing to very low in the middle cortical layers, and increasing again in layers V and 
VI, even though in some areas, this increase is not substantial. 
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CHAPTER 5 
5.1 Common chimpanzee Results: 
This chapter details the results obtained from the common chimpanzees (Pan troglodytes) 
studied. The same staining used to reveal Nissl, myelin, MAP-2 and GFAP profiles (Figure 
5.1) was undertaken and is thus not described here. As the cytoarchitecture in the common 
chimpanzee was similar to that observed in the baboons and vervets studied earlier (see 
Figures 5.2, 5.3, 5.4), it is not described in detail here. Interestingly, it was noted that in 
addition to the astrocytes, intensely stained oligodendrocytes were observed in many cortical 
layers during staining for GFAP+ structures, but this was not a feature of all layers in all 
cortical areas (the specifics of the distribution is provided below).  These oligodendrocytes 
had fusiform shaped soma with two large and thick processes projecting from either side. A 
number of other cell bodies stained weakly to moderately positive to GFAP, within the 
chimpanzee cortical tissue.  These had circular soma, unlike the layer I type astrocytes and 
were not as intensely stained as the oligodendrocytes.  These GFAP+ cell bodies were 
encountered, most often, between layers III and VI of every section studied in all the cortical 
areas examined; however, they were not included in the counts as they neither had processes 
nor were they observed in the baboon and vervet monkey tissue.  
 
5.2 Area 17  
Average point counts for Nissl+ stained cell bodies were lowest in layer I reflecting 
the low numbers of cells in this layer, while the remaining layers had higher, but consistent 
average point counts (Figures 5.5, 5.6, Table 5.1). Our layer-wise comparison for this area 
showed that layer I had statistically significantly less counts than the other layers, all of 
which were statistically similar apart from some minor variations found in chimpanzee 1 (See 
Appendix C, Table 1).  In comparison to all the other cortical areas in our area-wise 
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comparison, area 17 exhibited very few within animal statistical significant differences, but 
when comparing layers across areas between animals, area 17 showed some statistically 
significantly higher average counts only in its layer II compared to the other areas in both 
chimpanzees (See Appendix C, Table 2).  
Point counts revealed that layer II was the least heavily myelinated layer, whereas the 
average counts varied little for the remaining layers (Figures 5.7, 5.8, Table 5.1); however, in 
both chimpanzees layer IV exhibited the highest average counts. The layer-wise comparison 
for this area showed that layers I and II had statistically significantly lower point counts than 
the other layers, all of which were statistically similar apart from some minor variations (See 
Appendix C, Table 1). In several instances of our area-wise comparison, area 17 had 
significantly higher average points counts, or was more myelin dense, than other cortical 
areas in both chimpanzees; however, these differences varied according to area and layer and 
showed no discernable trend. When comparing between chimpanzees for areas and layers, 
again there were several instances of significant differences, but no clear trends emerged 
from this comparison (See Appendix C, Table 2). 
 Average  point counts revealed in both chimpanzees that layer I, in many instances, 
contained the most MAP-2+ structures, and in both animals the average point counts 
decreased to a minimum in layer VI (Figures 5.2, 5.9, 5.10, Table 5.1). In our layer-wise 
comparison, it was observed that the counts for MAP-2 were statistically undifferentiated in 
all the cortical layers in both animals (See Appendix C, Table 1). In our area-wise 
comparison, there were very few minor within and between chimpanzee statistically 
significant differences in point counts that did not appear to follow any specific trend (See 
Appendix C, Table 2).  
In both animals, GFAP+ structures middle layer paucity was reflected in the point 
counts (Figures 5.2, 5.11, 5.12, Table 5.1). In our layer-wise comparisons it was observed 
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that layers I, II and VI in chimpanzee 1 had statistically significantly higher average point 
counts than the other layers, whereas in chimpanzee 2, layer VI had statistically higher 
average point counts than the other layers (See Appendix C, Table 1). Our area-wise 
comparison showed that only minor significant differences in counts were observed when 
comparing the same layers across areas in the same chimpanzee, and when comparing the 
same layers across areas between chimpanzees; however, these did not follow any specific 
trend as they varied according to layer and area (See Appendix C, Table 2). 
 
5.3 Area18  
The Nissl+ structure average point counts were lowest in layer I reflecting the low 
numbers of cells in this layer, while the remaining layers had higher but consistent average 
point counts (Figures 5.2, 5.5, 5.6, Table 5.1). The layer-wise comparisons for this area 
showed that layer I had statistically significantly lower counts than the other layers, all of 
which were statistically similar apart from some minor variations in layers V and VI of 
chimpanzee 2 (See Appendix C, Table 1). In our area-wise comparison, it became evident 
that a comparison between layers across areas in same chimpanzees showed that there was 
only one instance when area 18 of chimpanzee 2 had statistically lower point counts in its 
layer V compared to layer V  of area 24, whereas the remaining layers (except layer I) had 
statistically higher but same point counts.  When comparing the same layers across areas 
between the two chimpanzees, it was observed that there was only one instance when layer II 
of area 18 had significantly lower point counts compared to that of area 17, but the remaining 
layers remained statistically undifferentiated when compared to those of all other areas 
examined (See Appendix C, Table 2). 
Average point counts for myelin+ structures revealed that layers I and II were the 
least heavily myelinated, whereas the average counts varied very little for the rest of the 
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layers; however, layer II of chimpanzee I was obviously myelin poor compared to that of 
chimpanzee 2 (Figures 5.7, 5.8, Table 5.1). Our layer-wise comparisons in this area showed 
that layers I and II of both chimpanzees had statistically significantly lower counts than the 
other layers, which were statistically similar apart from some minor variations (See Appendix 
C, Table 1). In several instances in the area-wise comparison, both chimpanzees revealed 
within and between animal statistically significant differences in point counts in area 18 
compared to other cortical areas, but these differences varied according to layers and areas 
and showed no consistent trend (See Appendix C, Table 2).  
In both animals, MAP-2+ structures average counts decreased between layer I-VI and 
the overall point counts revealed very little difference between this area and the others 
examined (Figures 5.2, 5.9, 5.10, Table 5.1). Our layer-wise comparisons for this area 
showed that all the cortical layers were statistically significantly similar in the density of 
MAP-2+ structures apart from a single variation seen in chimpanzee 2 (See Appendix C, 
Table 1). In our area-wise comparison, there were very few minor within and between animal 
statistically significant differences, and these did not appear to follow any specific trend (See 
Appendix C, Table 2).  
In both animals, middle layer GFAP+ structure paucity was similar and was reflected 
in the average point counts (Figures 5.2, 5.11, 5.12, Table 5.1). In our layer-wise 
comparisons, it was observed that in chimpanzee 1 layer I had statistically significantly 
higher point counts than all the other layers, while in chimpanzee 2, layer VI exhibited higher 
average point counts than the other layers (See Appendix C, Table 1). In the area-wise 
comparison, there were a few instances when some significant differences were observed 
when comparing the same layers across areas in the same chimpanzee, and when comparing 
layers across areas between chimpanzees; however, these did not followed any clear trend 
(See Appendix C, Table 2). 
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5.4 Area V4: 
Nissl+ structures average point counts were again lowest in layer I, reflecting the low 
numbers of cells in this layer, while the remaining layers had higher, but consistent, average 
point counts (Figures 5.2, 5.5, 5.6, Table 5.1). In the layer-wise comparison for this area, 
layer I, in both animals, exhibited statistically significantly lower average point counts than 
the other layers, which were statistically similar (See Appendix C, Table 1). In our area-wise 
comparison, area V4 of both chimpanzees showed statistically undifferentiated average point 
counts when compared with the other areas examined. When comparing layers across areas 
between chimpanzees, there were no statistically significant differences detected between this 
area and the others examined (See Appendix C, Table 2). 
The average point counts for myelin+ structures revealed that layer II was the least 
heavily myelinated layer, as seen in areas 17 and 18, while the remaining layers showed 
extensive myelin density similar to that seen in areas 17 and 18 (Figures 5.2, 5.7, 5.8, Table 
5.1). The layer-wise comparisons showed that in both chimpanzees layers I and II were 
statistically significantly less myelin dense compared to the other layers, all of which were 
statistically similar despite some sporadic variations (See Appendix C, Table 1). Our area-
wise comparison revealed that in both chimpanzees, area V4 had statistically significant 
differences in myelin density compared to other areas, but this varied according to layers in 
the various areas examined and showed no clear trend. In comparing the same layers across 
areas between chimpanzees, in most instances, area V4 had statistically significant 
differences in average counts compared to other areas, but these also varied according to 
layers and areas such that no clear trend in myelin density between the animals was evident; 
however, chimpanzee 2 had slightly higher average counts in its infragranular layers 
compared to chimpanzee 1 (See Appendix C, Table 2).  
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As was observed in areas 17 and 18, in area V4 there was a steady decrease in the 
point count averages for MAP-2+ structures when progressing from layer I through to layer 
VI. The overall point counts revealed very little difference in average counts between this 
area and the others examined (Figures 5.2, 4.9, 5.10, Table 5.1). Our layer-wise comparisons 
for this area showed that in both animals MAP-2+ structures were statistically 
undifferentiated in all the cortical layers (See Appendix C, Table 1). In our area-wise 
comparison, area V4 of chimpanzee 1 showed some minor statistically significant differences 
that did not seem to follow any specific trend, while chimpanzee 2 did not show any 
statistically significant difference in average point counts for the layers of area V4 compared 
to the same layers of the other areas. When comparing the same layers across areas between 
chimpanzees, a few statistically significant differences in MAP-2+ average counts were 
detected and these varied according to layer and area; however, chimpanzee 2 appeared to 
have more MAP-2+ structures compared to chimpanzee 1 (See Appendix C, Table 2).  
The GFAP+ structure paucity in the middle layers of the cortex was reflected in the 
point counts and was a feature observed in both animals (Figures 5.2, 5.11, 5.12, Table 5.1). 
In our layer-wise comparisons, it became evident that in chimpanzee 1, layer I had 
statistically significantly higher point counts than the other layers, while in chimpanzee 2, 
layer VI exhibited higher average point counts than the other layers (See Appendix C, Table 
1). In our area-wise comparison, some minor statistically significant differences were evident 
when comparing layers across areas in the same animal and between animals, but these 
varied according to layer and area and did not follow any specific trend; however, 
chimpanzee 2 appeared to have more GFAP+ structures compared to chimpanzee 1 (See 
Appendix C, Table 2). 
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5.5 Area 10:   
Average point counts for Nissl+ structures were lowest in layer I, reflecting the low 
numbers of cells in this layer, while the remaining layers had higher but consistent average 
point counts (Figures 5.3, 5.5, 5.6, Table 5.1). In our layer-wise comparisons, layer I of this 
area, in both chimpanzees, had statistically significantly lower average point counts 
compared to the other layers, all of which were statistically similar apart from minor 
variations (See Appendix C, Table 1). In the area-wise comparison, it was observed that area 
10, in both chimpanzees, did not show any within animal statistically significant differences 
in average point counts compared to the other areas. In comparing layers across areas 
between the two chimpanzees, there was only one instance where area 10 had statistically 
significantly lower average point counts and this was when it was compared to area 17 (See 
Appendix C, Table 2). 
 Myelin+ structures point counts were low in layer II, but increased and were 
consistent in the other layers (Figures 5.3, 5.7, 5.8, Table 5.1). In the layer-wise comparisons 
in both animals, it was observed that layers I and II were statistically significantly less myelin 
dense compared to the remaining layers, all of which were statistically similar apart from a 
few minor variations; however, in both animals, layer II appeared low in myelin density 
compared to layer I, whereas layer VI was more myelin dense than the rest of the cortical 
layers (See Appendix C, Table 1). In our area-wise comparison, area 10 of both animals 
showed a few statistically significantly lower average point counts in all layers compared to 
the other areas examined, but these varied according to layer and area and showed no 
consistent trend. When comparing layers across areas between chimpanzees, there were a few 
statistically significantly lower point counts in area 10 compared to other areas, but these also 
did not follow any specific trend (See Appendix C, Table 2); however, chimpanzee 2 showed 
slightly higher point counts suggesting denser myelination compared to chimpanzee 1. 
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Average point counts revealed a general decline in the number of MAP-2+ structures 
when progressing from layer I to VI. The overall point counts revealed very little difference 
in average counts between this area and the others examined (Figures 5.3, 5.9, 5.10, Table 
5.1). In our layer-wise comparisons, the average point counts for MAP-2+ structures in both 
animals were statistically undifferentiated in all layers of this cortical area (See Appendix C, 
Table 1). In our area-wise comparison of the same layers across areas in the same 
chimpanzee, it was observed that chimpanzee 1 showed a few minor statistically significant 
differences in MAP-2+ point counts, but these did not follow any specific trend, while 
chimpanzee 2 showed no statistically significant differences. When comparing the same 
layers across areas between chimpanzees, very few statistically significant differences in 
point counts were evident and these did not show any consistency as they varied according to 
layer and area (See Appendix C, Table 2). 
The paucity of GFAP+ structures in the middle cortical layers of area 10 was reflected 
in the average point counts, which appear similar in both chimpanzees (Figures 5.3, 
5.11,5.12, Table 5.1). In the layer-wise comparison, it was observed that layer I of 
chimpanzee 1 showed statistically significantly higher average point counts than all other 
layers, whereas in chimpanzee 2 there were no significant differences (See Appendix C, 
Table 1). Our area-wise comparison revealed a few significant differences in average point 
counts when comparing the same layers across areas in the same chimpanzee, and when 
comparing the same layers across areas between chimpanzees; however, these did not follow 
any specific trend. It appeared that chimpanzee 2 had slightly more GFAP+ structures in the 
cortex of area 10 than chimpanzee 1 (See Appendix C, Table 2). 
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5.6 Area 4:  
Nissl+ structures average point counts in both chimpanzees were low in layer I 
indicating low cell density in this layer, while the rest of the layers had higher but consistent 
point counts (Figures 5.3, 5.5,5.6, Table 5.1). Our layer-wise comparisons, in both 
chimpanzees, showed that layer I of this area had statistically significantly lower average 
point counts compared to the other layers, which were for the most part statistically similar 
(See Appendix C, Table 1). In almost all instances of the area-wise comparison, differences 
in point counts in same layers across areas in the same animal, for both chimpanzees, showed 
that area 4 was statistically undifferentiated from the other areas examined.  A comparison of 
layers across areas between baboons revealed one instance where area 4 had statistically 
significantly lower average point counts, when compared to area 17, but remained similar in 
point counts to the rest of the other areas (See Appendix C, Table 2). 
The average point counts for myelin+ structures were lowest in layer II in both 
animals, but were higher and consistent in the other layers (Figures 5.3, 5.7, 5.8, Table 5.1). 
In our layer-wise comparison, layers I and  II in both chimpanzees were statistically 
significantly low in myelin density, while the rest of the layers were statistically similar apart 
from the occasional variation; however, layer II was low in myelin density compared to layer 
I (See Appendix C, Table 1). In several instances of our area-wise comparison, area 4 had 
statistically significantly higher average point counts, and was therefore more myelin dense 
than other cortical areas in both chimpanzees; however, these differences varied according to 
layer and area. When comparing layers across areas, between chimpanzees, again there were 
several instances of statistically significant differences in average point counts, but no clear 
trends emerged from this comparison except that area 4 of chimpanzee 2 appeared to be 
slightly more myelin dense than this area of chimpanzee 1 (See Appendix C, Table 2). 
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The overall MAP-2+ structures point counts revealed very little difference in average 
counts between this area and the others examined (Figures 5.9, 5.10, Table 5.1). In the layer-
wise comparison, it was observed that in both chimpanzees, MAP-2+ structures were 
statistically similar in all cortical layers (See Appendix C, Table 1). In our area-wise 
comparison, both animals showed some statistically significant differences in MAP-2+ 
structure point counts compared to other areas, but these differences varied according to layer 
and area and followed no specific trend. In comparing layers across areas between 
chimpanzees, there was only one instance where area 4 had statistically significantly lower 
average point counts in MAP-2+ structures, this being in its layer III compared to layer 3 of 
areas 18 and 24, but remained statistically similar in point counts to the rest of the areas 
examined (See Appendix C, Table 2).  
A slight increase in the number of GFAP+ structures was observed in layer VI as 
revealed by the point counts (Figures 5.3, 5.11, 5.12, Table 5.1). In our layer-wise 
comparisons, it was observed that in chimpanzee 1, layers I and II had statistically 
significantly higher average point counts than the other layers, whereas in chimpanzee 2, only 
layer I had statistically significantly higher point counts than the other layers (See Appendix 
C, Table 1). In our area-wise comparison, only a few statistically significant differences in 
average point counts were observed when comparing layers across areas in the same 
chimpanzees, and when comparing layers across areas between chimpanzees; however, 
chimpanzee 2 had slightly more GFAP immunopositive structures across its layers compared 
to chimpanzee 1 (See Appendix C, Table 2). 
 
5.7 Area 3b:  
Average point counts for Nissl+ structures were lowest in layer I, reflecting the low 
numbers of cells in this layer, while the other layers had higher but consistent average point 
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counts (Figures 5.5, 5.6, Table 5.1). The layer-wise comparison for this area, in both animals, 
showed that layer I had statistically significantly lower counts than the other layers, all of 
which were statistically similar apart from some minor variations; however, chimpanzee 2 
showed slightly higher cell density across its layers compared to chimpanzee 1 (See 
Appendix C, Table 1). In our area-wise comparison, comparing the same layers across areas 
within chimpanzees showed that area 3b had no statistically significant differences in point 
counts to the other areas, while when comparing the same layers across areas between 
chimpanzees, there was only one instance where area 3b showed statistically significantly 
lower average point counts, when compared with area 17 (See Appendix C, Table 2). 
The myelin+ structures average point counts were lowest in layer II in both 
chimpanzees and were higher but consistent in the remaining layers (Figures 5.3, 5.7, 5.8, 
Table 5.1). Our layer-wise comparisons showed that layers I and II of both chimpanzees had 
statistically lower average point counts, while the rest of the layers were statistically similar; 
however, layer II appeared to be lower in myelin density than layer I (See Appendix C, Table 
1). For the area-wise comparison in same chimpanzees, area 3b showed a few statistically 
significantly higher point counts, but these differences were not consistent and they varied 
according to layer and area. When comparing the same layers across areas between 
chimpanzees, a few statistically significant differences were observed for area 3b compared 
to the other areas, but these differences did not show any consistency. Despite this, 
chimpanzee 1 had slightly higher average point counts (except layer VI), indicating higher 
myelin density compared to chimpanzee 2 (See Appendix C, Table 2). 
The overall MAP-2+ structures point counts revealed very little difference in average 
counts between this area and the others examined (Figures 5.3, 5.9, 5.10, Table 5.1). In our 
layer-wise comparison, it was observed that all the cortical layers in both chimpanzees had 
statistically similar MAP-2+ structures (See Appendix C, Table 1). Our area-wise comparison 
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within an animal revealed that chimpanzee 1 showed statistically significantly lower average 
point counts of MAP-2+ structures in layer II compared to layer II of area 10, but remained 
statistically similar to the rest of the layers examined, while chimpanzee 2 showed no 
statistical differences. When comparing layers across areas between chimpanzees, area 3b 
had statistically significantly lower average point counts in layer III compared to areas 18 and 
24, but statistically higher counts in layer I compared to that of area1; however, the remaining 
comparisons showed no differences (See Appendix C, Table 2). 
The middle layer GFAP+ structures paucity trends, observable under the microscope, 
were reflected in the average point counts in both animals (Figures 5.3, 5.11, 5.12, Table 5.1).  
Our layer-wise comparisons revealed that in chimpanzee 1, layers I and II had statistically 
significantly higher average point counts than the other layers, whereas in chimpanzee 2, only 
layer I had statistically significantly higher numbers of GFAP+ structures (See Appendix C, 
Table 1). In our area-wise comparison, a few statistically significant differences in point 
counts were observed when comparing layers across areas in the same chimpanzee, and when 
comparing layers across areas between chimpanzees; however, these varied according to 
layer and area and showed no consistent trend (See Appendix C, Table 2). 
 
5.8 Area 1:  
Nissl+ structures average point counts were lowest in layer I, reflecting the low 
numbers of cells in this layer, while the remaining layers had higher, but consistent average 
point counts (Figures 5.3, 5.5, 5.6, Table 5.1). Our layer-wise comparisons for this area 
showed that in both animals, layer I had statistically significantly lower average counts than 
the other layers, which were statistically similar apart from a few variations (See Appendix C, 
Table 1). In our area-wise comparison, it became clear that average point counts in the same 
layers across areas in the same chimpanzee, were statistically similar to all other areas 
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examined. A comparison between chimpanzees showed that area1 had statistically 
significantly lower point counts in layer II compared to area 17, and also significantly lower 
point counts in layer V compared to area 24, but had statistically similar point counts for the 
remaining comparisons; however, chimpanzee 2 had higher average point counts in all layers 
compared to chimpanzee 1 (See Appendix C, Table 2). 
Average point counts for myelin+ structures were lowest in layer II in both animals, 
but were higher and consistent in the other layers (Figures 5.3, 5.7, 5.8, Table 5.1). In our 
layer-wise comparison, it became clear that layers I and II, in both animals, had statistically 
significantly lower point counts than all the other layers, which were statistically similar; 
however, overall, layer II was lower in myelin density than the other layers (See Appendix C, 
Table 1). In several instances of our area-wise comparison, area 1 had a few statistically 
significant differences in average point counts, in the same and between chimpanzees; 
however, these differences varied according to layer and area such that no clear trends 
emerged from this comparison to suggest that one animal had higher average counts than the 
other (See Appendix C, Table 2). 
 The MAP-2+ structures overall point counts revealed very little difference in average 
counts between this area and the others examined and the trend of decreasing counts from 
layer I through to VI was again observed (Figures 5.3, 5.9, 5.10, Table 5.1).  In our layer-
wise comparisons, it was observed that MAP-2+ structures in both chimpanzees were 
statistically similar in all cortical layers (See Appendix C, Table 1). In our area-wise 
comparisons, chimpanzee 1 showed a few statistically significant differences in point counts 
in layers I and II compared to the other areas, while chimpanzee 2 showed a similar number 
of MAP-2+ structures when compared to the other areas. When comparing the same layers 
across areas between chimpanzees, it became clear that there were a few statistically 
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significant differences in average point counts compared to the other areas; however, these 
differences did not follow any specific trend (See Appendix C, Table 2). 
The paucity of GFAP+ structures in the middle layers of the cortex was evident in the 
average point counts in both animals (Figures 5.3, 5.11, 5.12, Table 5.1). In the layer-wise 
comparisons, it was observed that in chimpanzee 1, layers I and II had statistically 
significantly higher average point counts than the other layers, whereas in chimpanzee 2, only 
layer VI had statistically significantly higher point counts (See Appendix C, Table 1). In our 
area-wise comparison, only a few significant differences were observed when comparing 
layers across areas in the same chimpanzee, and when comparing layers across areas between 
chimpanzees, but these varied according to layer and area and showed consistent trend (See 
Appendix C, Table 2). 
 
5.9 Area 24:  
The Nissl+ structures average point counts were lowest in layer I, reflecting the low 
numbers of cells in this layer, while the remaining layers had higher, but consistent average 
point counts (Figures 5.4, 5.5, 5.6, Table 5.1). Our layer-wise comparisons for this area 
showed that in chimpanzee 1, layer I had statistically significantly less counts than the other 
layers, all of which were statistically similar apart from a few variations, whereas in 
chimpanzee 2, layer V had statistically higher point counts than the other layers; however, in 
both animals, layer I had lower overall average point counts than the other layers (See 
Appendix C, Table 1). In our area-wise comparison, it became clear that there were very few 
statistically significant differences in point counts in the same layers across areas within the 
same and between chimpanzees. No consistent trend emerged out of this comparison as these 
differences were observed only for layers II and V (See Appendix C, Table 2).  
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Average point counts for myelin+ structures were lowest in layer II in both 
chimpanzees, but were higher and consistent in the other layers, being highest in layer VI 
(Figures 5.4, 5.7, 5.8, Table 5.1). In our layer-wise comparison, it was observed that in both 
animals, layer II had significantly lower average point counts than the other layers despite 
some variations, and that the supragranular layers had statistically significantly lower average 
point counts than the infragranular layers (See Appendix C, Table 1). In the area-wise 
comparison, area 24 showed that in many instances, there was some consistency in 
statistically significantly lower average point counts, hence low myelin density in all its 
layers except layer VI, compared to the other areas, in the same and between chimpanzees; 
however, both animals appeared to have equal myelin density in all their layers (See 
Appendix C, Table 2). Overall, the myelin density of the supragranular layers of area 24 
appeared to be the lowest of all the areas examined. 
MAP-2+ structures average point counts showed a slight but consistent decrease 
between layers I-VI, but the overall point counts revealed very little difference between this 
area and the others examined (Figures 5.4, 5.9, 5.10, Table 5.1). In our layer-wise 
comparison, it was observed that all cortical layers in both chimpanzees had statistically 
similar numbers of MAP-2+ structures (See Appendix C, Table 1). In our area-wise 
comparison, it was observed that area 24 showed minor within and between statistically 
significant differences in MAP-2+ structures average point counts compared to the other 
areas; however, no specific trend emerged out of this comparison (See Appendix C, Table 2). 
There was a paucity in GFAP+ structures in the middle layers (III – IV) of the cortex, 
more so in chimpanzee 1, and the numbers of glial processes increased slightly only in layer 
VI  of chimpanzee 2 (Figure, 5.4, 5.11, 5.12, Table 5.1). In the layer-wise comparison, it 
became evident that layer I of chimpanzee 1 had statistically higher point counts than the rest 
of the layers, while in chimpanzee 2 all cortical layers had similar numbers of GFAP+ 
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structures (See Appendix C, Table 1). Our area-wise comparison revealed that only a few 
statistically significant differences in point counts were observed when comparing layers 
across areas within and between chimpanzees; however, these differences, did not follow any 
particular trend as they varied according to area and layer (See Appendix C, Table 2). 
 
5.10 Area 23:  
Nissl+ structures average point counts were lowest in layer I, reflecting the low 
numbers of cells in this layer, while the remaining layers had higher, but consistent average 
point counts (Figures 5.4, 5.5, 5.6, Table 5.1). In the layer-wise comparison for this area, it 
was observed that in both chimpanzees, layer I showed statistically significantly similar point 
counts with an exception of one instance in layer VI of chimpanzee 1 and layer III of 
chimpanzee 2, where the average point counts were significantly higher than the rest; 
however, overall, in both animals, layer I had lower point counts than the other layers (See 
Appendix C, Table 1). In our area-wise comparison, area 23 of chimpanzee 1 did not reveal 
any statistical differences in average counts, whereas in chimpanzee 2 there was only one 
within animal significant difference, where layer V of area 23 had statistically significantly 
lower point counts than layer V of area 24. When comparing the same layers across areas 
between chimpanzees, it was observed that area 23 had statistically significantly higher 
average point counts in layer II compared to layer II of area 24 (See Appendix C, Table 2). 
Myelin+ structures average point counts were lowest in layer II and became higher 
and consistent in the infragranular layers (Figures 5.4, 5.7, 5.8, Table 5.1).  Our layer-wise 
comparison revealed that in both chimpanzees, layers I and II had statistically significantly 
lower point counts, while the rest had higher but statistically similar counts; however, overall, 
layer II was lower in myelin density compared to the rest, and the infragranular layers had 
statistically higher counts than the supragranular layers (See Appendix C, Table 1). In many 
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instances of our area-wise comparison, area 23 showed some statistically significantly lower 
average point counts (except with area 24), and thus had lower myelin density than the other 
areas. A comparison of layers across areas between animals showed many instances when 
area 23 had statistically significantly lower point counts compared to the other areas, but 
these differences varied according to layer and area and showed no consistent trend (See 
Appendix C, Table 2). Overall, area 23 of chimpanzee 2 appeared to be more myelin dense 
than chimpanzee 1. 
The MAP-2+ structures overall point counts revealed very little difference in average 
counts between this area and the others examined (Figures 5.4, 5.9, 5.10, Table 5.1). In our 
layer-wise comparison, it was observed that in both chimpanzees, average point counts for 
MAP-2+ structures were statistically similar in all cortical layers (See Appendix C, Table 1). 
In our area-wise comparison, there was only one instance where area 23 of chimpanzee 1 
showed statistically significantly higher average point counts in layer I compared to the other 
areas, whereas all the other layers remained statistically similar to the layers of the other areas 
in MAP-2+ structures. Conversely, chimpanzee 2 did not show any statistically significant 
differences in point counts compared to the other examined areas. In comparing layers across 
areas between animals, area 23 showed some significant differences for layers I and III, but 
no specific trend emerged out of this comparison (See Appendix C, Table 2). 
The GFAP+ structures paucity in the middle layers in both chimpanzees was reflected 
in the average point counts (Figure 5.4, 5.11, 5.12, Table 5.1). In the layer-wise comparison, 
it was observed that in both animals, layer I had statistically significantly higher average 
point counts than the other layers, despite some minor variations (See Appendix C, Table 1). 
In our area-wise comparison, only a few significant differences were observed when 
comparing layers across areas in the same chimpanzee, and when comparing layers across 
areas between chimpanzees; however, these differences did not follow any particular trend to 
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suggest that one animal had more GFAP+ structures than the other (See Appendix C, Table 
2). 
 
5.11 Summary of statistical analyses: 
Our layer-wise comparison revealed that Layer 1 had statistically significantly lower 
Nissl stained (Nissl+) structures compared to all other cortical layers examined. Out of 88 
comparisons done on this layer, there were 55 statistically significant differences (62.5%). 
All the other layers had higher average point counts, but far fewer statistically significant 
differences. For instance, out of 176 comparisons done on these layers, 173 comparisons 
(98.3%) showed no statistically significant differences in average counts. Layer II was found 
to be statistically significantly lower in myelin density compared to all layers examined. Out 
of 70 comparisons performed on this layer, layer II was statistically significantly different 
from the other layers 70 times (100%). Despite the decreasing trend in MAP-2+ structures 
from supragranular to infragranular layers, the point counts remained mostly stable in all the 
layers examined. Out of a possible 260 comparisons done in all layers, 259 of these (99.6%) 
were found to be statistically significant, while only 1 out of the 260 comparisons (0.4%) 
were found to be statistically different in average point counts. Layers I and VI had 
statistically significantly higher numbers of GFAP+ structures, while layers II-V were 
statistically significantly lower in point counts; however, it was found that layer I always had 
more average point counts than layer VI. Out of 176 possible comparisons done for layer I 
and VI, it turned out that 84 out of these (47.7%) were statistically significantly higher in 
GFAP+ structures compared to the rest, i.e. 47.7% of comparisons showed layers I and VI to 
have statistically significantly higher point counts than layers II-V. Out of a possible 102 
comparisons done within the layers II-V, there were 90 significant differences (88.2%) 
showing that they were lower in point counts, each time.  
 137 
When comparing the same layers across areas within the same chimpanzee, area 17 
did not show any statistically significant differences in Nissl+ structures point counts. Out of 
47 comparisons done on this area, neither chimpanzee 1 nor chimpanzee 2 showed any within 
animal significant differences. Out of 47 comparisons done on area 18, there was only 1 
significant difference (2.1%) found in layer V of chimpanzee 2 showing that it had 
significantly lower point counts than layer V of area 24, while chimpanzee 1 did not show 
any significant differences in area 18 compared to all the other areas. The remaining 
comparisons showed no significant differences. For the myelin positive structures, three 
areas, namely 10, 24 and 23, revealed low myelin density compared to the other examined 
areas. Out of 47 comparisons done on area 10, chimpanzee 1 showed 33 instances (70.2%) 
when it had statistically significantly lower point counts compared to the other areas, while 
chimpanzee 2 exhibited 17 instances (36.2%) where it had statistically significantly lower 
point counts. In area 24, out of 47 comparisons done on this area, there were 27 instances 
(57.4%) when chimpanzee 1 had significantly lower counts compared to the other areas, 
whereas chimpanzee 2 had 35 instances (74.5%) of statistically significantly lower counts. 
For area 23, 19 out of 47 (40.4%) comparisons in chimpanzee 1 showed statistically lower 
counts, while in chimpanzee 2, 11 out of 47 (23.4%) comparisons were statistically 
significantly lower compared to all other areas. Our statistical analysis showed that within a 
chimpanzee average point counts for MAP-2+ structures were mostly consistent across areas. 
Within chimpanzee 1, the statistical differences in MAP-2 counts were 16 out of 208 
comparisons (7.7%), while in chimpanzee 2 only 2 significant differences out of 208 
comparisons (1%) were observed. GFAP+ average point counts remained similar in all layers 
across all areas within the same chimpanzee. Out of 208 comparisons done within 
chimpanzee 1, 51 statistically significant differences (24.5%) in point counts were observed, 
 138 
while chimpanzee 2 revealed 36 statistically significant differences (17.3%) in average point 
counts. 
 When comparing layers across areas for Nissl+ structures between chimpanzees, there 
were 8 statistical differences observed out of 469 comparisons done (1.7%). Of these 8 
significant differences observed, only 1 (12.5%) showed that chimpanzee 1 had higher counts 
in Nissl+ structures, while 7 (87.5%) showed that chimpanzee 2 had significantly higher 
point counts. On comparing the same layers across areas for myelin average point counts 
between chimpanzees, there were 175 observed statistically significant differences out of 469 
comparisons done (37.3%). Of the 175 significant differences observed, 54 (30.9%) showed 
that chimpanzee 1 had significantly higher point counts, while 121 (69.1%) showed that 
chimpanzee 2 had significantly higher point counts. When comparing layers across areas 
between chimpanzees for MAP-2+ structures point counts, there were 44 statistical 
differences observed out of 469 comparisons done (9.4%). Out of these 44 significant 
differences observed, 44 (100%) showed that chimpanzee 2 had statistically significantly 
higher point counts, while chimpanzee 1 did not show any difference. On comparing layers 
across areas for GFAP+ point counts between chimpanzees, 175 statistically significant 
differences in point counts were revealed out of 469 comparisons done (37.3%). Of the 175 
observed significant differences, 91 (52%) showed that chimpanzee 1 had significantly higher 
point counts, while 84 (48%) showed that chimpanzee 2 had statistically significantly higher 
average point counts. 
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Figure 5.1. High power photomicrographs of representative regions showing the 
structures stained in chimpanzee cerebral cortex for quantitative analysis in the current 
study. (A) Nissl stain of the layer I/II border in area 17. (B) Nissl stain of layer III/IV 
border of area V4. (C) Nissl stain of layer VI of area 18. (D) Myelin stain of layer I of 
area 4. (E) Myelin stain of layer IV of area 3b. (F) Myelin stain of layer VI of area 1. (G) 
MAP-2 immunostain of the layer II in area 10. (H) MAP-2 immunostain of layer III/ IV 
border of area 24. (I) MAP-2 immunostain of layer VI of area V4. (J) GFAP 
immunostain of layer I of area 3b. (K) GFAP immunostain of layer III/ IV border of area 
1. (L) GFAP immunostain of layer VI of area V4. Scale bar = 50 µm. 
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Figure 5.2. Photomicrographs of representative sections of the visual cortical areas 17 (A-
D), 18 (E-H) and V4 (I-L) showing architectonic details from sections stained with Nissl 
(A, E, I), myelin (B, F, J), MAP-2 (C, G, K) and GFAP (D, H, L). Note the clear 
lamination and high cell density and packing with Nissl staining in area 17 (A) as 
opposed to that in areas 18 (E) and V4 (I). Myelin staining in area 17 (B) shows clear 
lamination which is less distinct in areas 18 (F) and V4 (J). For MAP-2 immunostaining 
there is some lamination evident in area 17 (C) while immunopositive cells are seen in all 
the layers in area 18 (G) and in area V4 (K). Note the bundles of apical dendrites 
originating from clearly labelled cells in the deeper layers in 17 (C), 18 (G) and V4 (K). 
GFAP immunoreactive structures are dense in layer I , very low in the middle cortical 
layers and show a low density in layers V and VI of areas 17 (D), 18 (H) and V4 (L). 
Note the deeply stained GFAP+ cell bodies from layers III-VI. Roman numerals I-VI 
denote midpoints of layers in Nissl stained sections (A), (E) and (I). Scale bar = 250 µm. 
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Figure 5.3. Photomicrographs of representative sections of granular dorsolateral 
prefrontal, area 10 (A-D), primary motor, area 4 (E-H), primary somatosensory area 3b 
(I-L) and primary somatosensory area 1 (M-P) cortices stained with Nissl (A, E, I, M), 
myelin (B, F, J, N), MAP-2 (C, G, K, O) and GFAP (D, H, L, P). Note the extensive layer 
III in area 4 (E), the large Betz cells marking layer V in area 4 (E) and the evident 
lamination in areas 3b (I) and 1 (M) but indistinct lamination in area 10 (A). Area 4 (F) 
exhibited the highest myelin density in all layers, followed by area 1 (N). No clear 
lamination is evident in these areas with the myelin stain. No lamination of MAP-2 
immunopositive structures was evident in any of these cortical areas. Immunostained cell 
bodies were evident in all layers of areas 10 (C),  4 (G), 3b (K) and 1 (O).  Note the 
bundles of apical dendrites originating from clearly labelled cells in the deeper layers in 
10 (C), 4 (G), 3b (K) and 1 (O). GFAP immunopositive  structures were most dense in 
layer I, with the lowest density seen in the middle cortical layers, and a slight density 
increase in layers V and VI. Note the deeply stained GFAP+ cell bodies from layers III-
VI. Roman numerals I-VI denote midpoints of layers in Nissl stained sections (A), (E), 
(I) and (M). Scale bar = 250 µm. 
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Figure 5.4. Photomicrographs of representative sections of the anterior, area 24 (A-D) 
and posterior, area 23 (E-H) cingulate cortex stained with Nissl (A, E), myelin (B, F), 
MAP-2 (C, G) and GFAP (D, H) illustrating architectonic details. Note the relatively 
lower cell packing density in area 24 (A) compared to area 23 (E). The 
myeloarchitechture in area 23 (E) makes it possible to distinguish cortical layers, which is 
difficult to do in area 24 (B). Map-2 immunostained cell bodies were observed in all the 
layers of both areas 24 and 23 (C, G). Note the bundle of aoical densrites originating 
from clearly labelled cells in the deeper layers in 24 (C) and 23 (G). GFAP 
immunopositive structures were dense in layer I, very low in the middle cortical layers, 
and relatively low in density in layers V and VI. Glial cell bodies of the white matter 
were not revealed with GFAP immunostaining (D, H), but deeply stained GFAP+ cell 
bodies are seen from layers III-VI. Roman numerals I-VI denote midpoints of layers in 
Nissl stained sections (A) and (E). Scale bar = 250 µm. 
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Table 5.1. Profile average point counts across all cortical layers of the examined cortical 
areas. 
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Average 
Counts/100 Specimen 
Nissl 
Chimp1 
Nissl 
Chimp2 
Myelin 
Chimp1 
Myelin 
Chimp2 
MAP2 
Chimp1 
MAP2 
Chimp2 
GFAP 
Chimp1 
GFAP 
Chimp2 
Area Layer  
17 I 3.3 4.7 43.4 35.9 50.6 50.8 46.8 26.6 
 II 10.1 18.4 29.2 34.1 45.8 48.7 28.4 15.6 
 III 15.1 17.9 84.1 86 45.1 51.2 7.8 13.8 
 IV 16 16 89 88.7 43.9 52.6 4.8 17.1 
 V 14.3 18.8 82.3 83 50.2 50.6 7.1 29.8 
 VI 18.3 18.1 78.7 91.7 46.3 54.1 33.4 47.6 
18 I 2.7 2.9 36.4 49.3 45.8 49.1 61.6 21.9 
 II 9 13.3 33.6 52 45 51.8 16.1 13.7 
 III 13.7 13.9 69.6 74.4 46.6 64.9 4.8 10.8 
 IV 12.8 11.7 73.8 79 46.9 59 7.1 13.7 
 V 14.6 10.9 87.9 76 42 57.1 5 21.8 
 VI 17.3 11.2 88.2 86.4 43.9 55.3 12.7 28.8 
V4 I 2.6 3.8 26.7 44.6 37.6 50 48.2 20.1 
 II 12.4 14.2 31.9 56.6 41.9 51.7 6.7 18.7 
 III 15.3 14.8 70.2 88.1 41.3 58.3 2.2 8.8 
 IV 16.1 16.6 79.6 95 40.4 61.3 3.1 15.9 
 V 14 14.1 80.2 93.4 40.1 60.9 4.6 21.7 
 VI 14.2 14.3 89.4 94.9 45.9 59 14.8 35.3 
10 I 3 6 12.3 18.4 53.9 53.7 27.6 11 
 II 7.8 13.1 5 14.3 62 56.9 8.2 11.9 
 III 16.9 14.4 45 77.2 59.6 56.8 0.6 11.4 
 IV 10.7 11.8 52.1 78 55.8 54.3 0.6 10.8 
 V 19 12.6 61.1 88.8 58.8 56.2 0.7 11 
 VI 17.8 12.1 84.3 96.1 55.8 47.4 1.1 12.2 
4 I 4.3 4.6 57.4 80 49.7 49 67.4 36.2 
 II 9.9 12.3 49.2 70.3 48.4 51.8 28.9 6.9 
 III 16.6 13.4 91.6 96.1 44.7 44.9 1.7 1.7 
 IV - - - - - - - - 
 V 13 18 90.4 95.6 48.1 47.4 3.2 1.6 
 VI 11.8 13 92.3 96 52.6 50.1 2.4 8.8 
3b I 4 3.8 58.1 51.6 47.6 50.1 77.4 30.4 
 II 7.6 13.3 47 44.1 46.1 53.9 39.9 22.8 
 III 13.9 16.1 90.4 82.2 46.4 52.8 5.2 12.7 
 IV 9 12.6 92 85.9 48 48.4 1.4 8.2 
 V 12.8 11.8 91.9 88.4 46.2 52 1.1 14.3 
 VI 10.2 13.3 91.1 93 46.4 50.1 1.9 25.9 
1 I 1.6 3.4 50.3 43.1 34.4 48.4 56.3 19.7 
 II 6.6 14.4 49.8 41.9 40.1 48 31.4 5.8 
 III 16 17.4 89.1 87.7 46.8 55.2 4 5.1 
 IV 8.8 13.7 91.9 92 49.2 56.7 3.4 7.3 
 V 10.8 12 90.1 92.8 47.6 57.2 4.8 18.7 
 VI 11.2 11.2 91.4 91.9 48.4 53.9 5.8 23.1 
24 I 2.7 4.3 22.8 19.4 46.7 57.2 15.7 12.8 
 II 8.3 9.7 11.6 14 55.2 57.1 9.7 7.9 
 III 16.1 11.9 37.3 32 54.1 61.8 0 6.8 
 IV 9.8 8.7 54.2 40.3 54.6 60.7 0.1 8.3 
 V 14 19.8 70 60.6 59 59.6 0 9.9 
 VI 14.4 11.4 88.1 88.8 55.2 58.3 0.1 14.9 
23 I 3.7 4.7 40.1 43.4 50.1 52.9 38.5 26.7 
 II 10.1 12.3 26.6 29.3 52.3 47.8 6.8 9.9 
 III 12.1 15.8 62.4 76.9 48.1 57.6 0.3 19.8 
 IV 10.6 11 75.9 85.7 47 54.7 1.3 13.3 
 V 12 11.2 79.8 87.4 52.4 54.9 0.6 9.4 
 VI 16.9 12.7 86.3 94.1 51.2 53.4 3.1 14 
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Figure 5.5. Graphical plots of counts of Nissl positive structures against cortical layers in 
the different cortical areas examined in chimpanzee 1. The upper graph represents the 
counts in all areas examined for comparison to each other, while the smaller graphs 
illustrate each area individually.  
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Figure 5.6. Graphical plots of counts of Nissl positive structures against cortical layers in 
the different cortical areas examined in chimpanzee 2. The upper graph represents the 
counts in all areas examined for comparison to each other, while the smaller graphs 
illustrate each area individually.  
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Figure 5.7. Graphical plots of counts of myelin positive structures against cortical layers 
in the different cortical areas examined in chimpanzee 1. The upper graph represents the 
counts in all areas examined for comparison to each other, while the smaller graphs 
illustrate each area individually. Note the higher counts in the deeper cortical layers for 
all areas especially areas 18,V4,4,3b and 1. 
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Figure 5.8. Graphical plots of counts of myelin positive structures against cortical layers 
in the different cortical areas examined in chimpanzee 2. The upper graph represents the 
counts in all areas examined for comparison to each other, while the smaller graphs 
illustrate each area individually. Note the higher counts in the deeper cortical layers for 
all areas especially area 18,V4,4,3b and 1. 
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Figure 5.9. Graphical plots of counts of MAP-2 immunopositive structures against 
cortical layers in the different cortical areas examined in chimpanzee 1. The upper graph 
represents the counts in all areas examined for comparison to each other, while the 
smaller graphs illustrate each area individually. Note the trend towards a decrease in 
MAP-2 immunopositive structures with increasing depth in the cortex. 
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Figure 5.10. Graphical plots of counts of MAP-2 immunopositive structures against 
cortical layers in the different cortical areas examined in chimpanzee 2. The upper graph 
represents the counts in all areas examined for comparison to each other, while the 
smaller graphs illustrate each area individually. Note the trend towards a decrease in 
MAP-2 immunopositive structures with increasing depth in the cortex. 
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Figure 5.11. Graphical plots of counts of GFAP immunopositive structures against 
cortical layers in the different cortical areas examined in chimpanzee 1. The upper graph 
represents the counts in all areas examined for comparison to each other, while the 
smaller graphs illustrate each area individually. Note the high counts in layer I, 
decreasing to very low in the middle cortical layers, and increasing again in layers V and 
VI, even though in some areas, this increase is not substantial.  
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Figure 5.12. Graphical plots of counts of GFAP immunopositive structures against 
cortical layers in the different cortical areas examined in chimpanzee 2. The upper graph 
represents the counts in all areas examined for comparison to each other, while the 
smaller graphs illustrate each area individually. Note the high counts in layer I, 
decreasing in the middle cortical layers, and increasing again in layers V and VI. 
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CHAPTER 6 
6.1 Discussion 
In the current study, a method designed to test for variations in the proportions of the 
components of the neuropil in different regions of the cerebral cortex of the three primate 
species was developed. This method provided estimates of volume fraction based on stains 
that reveal various components of the cerebral cortex microstructure, including the fraction of 
the cerebral cortex that can be considered neuropil, and estimations of axon, dendrite and 
glial volume fractions of the neuropil (Gallyas, 1979; Caceres et al., 1984; Sims et al., 1988; 
Kitagawa et al., 1989; Halliday et al., 1996; Colombo et al., 1998, 2004; Larriva-Sahd, 2002; 
Sherwood et al., 2006). While other studies in primates have examined some components of 
the neuropil (Haug, 1987; Miller, 1994; Schmolke, 1996; DeFelipe, et. al., 1999; Colombo et 
al., 1998, 2004; Sherwood et al., 2006), the current study was designed to reveal potential 
variations in the proportions of the components of the neuropil. The central rationale to 
undertake this type of investigation was to test whether the conclusion reached by Chklovskii 
et al. (2002), that the proportions of the wire fraction component of the neuropil remain 
constant across the cerebral cortex of mammals would apply to primates. Vervet monkeys, 
baboons and chimpanzees have substantially larger and more complexly organised cerebral 
cortices than the laboratory mouse studied by Chklovskii et al. (2002). 
By employing volume fraction estimation techniques we were able to find aspects of 
neuropil proportionality that support the deductions reached by Chklovskii et al. (2002) and 
those that varied. Nissl staining revealed that layer I had significantly less cell bodies, 
therefore a greater fraction of neuropil, compared to the other cortical layers, and that area 17 
had a higher cell density, therefore a lower fraction of neuropil in layers II-VI, compared to 
the other cortical areas in all three species, all of which had similar neuropil fractions. With 
the myelin stain, it was established that layer II had a lower myelin density than the other 
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cortical layers across all areas, therefore occupying a smaller fraction of the neuropil in this 
layer; however, the remaining layers, across cortical areas, were mostly consistent in the 
fraction of the neuropil occupied by myelin. The MAP-2 staining revealed a trend for 
decreasing numbers of MAP-2+ structures when progressing from layer I to VI, therefore a 
decreasing proportion of the neuropil was occupied by dendrites with increasing depth in the 
cortex, but there was a consistency in the proportion of the neuropil occupied by dendrites 
across all areas in the three studied primate species. GFAP staining revealed volume fractions 
that varied significantly between layers, where they were high in layers I and VI but low in 
the other layers, indicating changes in the proportions of the neuropil occupied by glial cells 
and processes through the depth of the cortex, but this variation was consistent across areas in 
the three species. The current study thus details aspects that support consistency in the 
proportionality of the components of the neuropil (Chklovskii et al., 2002), but also aspects 
that indicate variations in these components. 
 
6.1.1 Methodological Considerations: 
Based on the Cavalieri principle of point counting, a well-established concept in 
design-based stereology (Weibel, 1963; Aherne, 1967; Gundersen and Osterby, 1981; Haug, 
1986; Cruz-Orive, 1987; Michel and Cruz-Orive, 1988; Cruz-Orive and Weibel, 1990; 
Mayhew, 1991), we estimated volume fraction for all the components of the cerebral cortex 
revealed by the stains employed. In order to minimize the potential for overlapping structures 
obfuscating our counts, we tested a range of section thicknesses and found that sections 14 
µm in thickness allowed for minimal structural overlap, allowing for accurate point counting, 
while maintaining enough structural integrity to be processed with free-floating 
immunohistochemical techniques. The chimpanzee tissue used in this study was fixed in 10% 
buffered formalin, which was different from the way the vervet and baboon tissues were 
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fixed, and may have affected the immunohistochemical staining; however, due to the 
robustness of the antibodies used, we were able to visualize the aspects of the cortical 
microstructure needed for volume fraction estimation and comparison, thus minimizing this 
potentially confounding factor. Chklovskii et al. (2002) outlined that it is not possible to 
identify all profiles in a single section, especially in the ultrathin sections used for 
electronmicrscopy, and following their example, we used a series of 9 sections per stain per 
region of interest (9 counts in each layer within each cortical area each on a different section 
of cortex for each stain) for point counting. To arrive at the conclusion that 9 was an 
appropriate number of counts (sample size) for quantifying profile volume fractions, running 
means of point counts were calculated using 12 counts on 96 regions of interest and thereafter 
the power of the statistic (the ability for statistical tests to detect differences when they are 
present) was used to determine the sample size. The minimum number of point counts 
required to reach an accurate average count varied between 5 and 10, for the different stains, 
necessitating the use of the power of ANOVA to determine the required number of point 
counts required for ensuing statistical analysis of the data at the 95% confidence level. The 
power of ANOVA (plots of required sample size against differences in counts) revealed that 
9 counts per region of interest would be a sufficient sample size to show actual similarities or 
differences where these existed at the 95% confidence level. Obviously increasing the 
number of counts within a region of interest would increase the level of statistical reliability 
in detecting similarities and differences, but the analysis performed here appears to make this 
additional work unnecessary. As a further reflection of the reliability of the method 
developed for the current study, the results are in direct agreement with several previously 
published studies with both similar and different methodologies in showing that, for example, 
area 17 is distinct in terms of cell density from other cortical areas in the primate (Rockel et 
al., 1980; Haug, 1987; De Sousa et al., 2010; Collins et al., 2010), and that myelin density 
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varies between areas across the cortical mantle (Burkhalter et al., 1986). Given that every 
method has limitations, one of these being that precise percentages of the cerebral cortex 
occupied by specific structures cannot be produced by the method employed herein, it does 
appear that the current method is appropriate to answer the questions posed with accuracy 
and impartiality. 
 
6.1.2 Nissl stain: layer-wise comparisons. 
The Nissl stain labelled neuronal and glial soma, and revealed, predictably, that layer 
I had a lower cell density than layers II-VI; however, layers II-VI were found to have a 
similar cell density, a finding that is in line with studies by Haug (1987) and Rockel et al. 
(1980). These findings, which were consistent across all cortical areas in the primate species 
studied, lead to the conclusion that the volume fraction of the cortex occupied by neuropil is 
greater in layer I than in cortical layers II-VI, but within layers II-VI, the fraction of the 
cerebral cortex that is neuropil was similar.  
 
6.1.3 Nissl stain: area-wise comparisons. 
When differences between areas for the same layers in the three primate species for 
Nissl volume fractions were examined, it was observed that for all layers there were no 
consistent differences, with the exception of area 17, which was distinct from the other areas 
in having a higher cell density in all individual animals studied, as reported previously for 
primates (Rockel et al., 1980; Haug, 1987; De Sousa et al., 2010; Collins et al., 2010). Thus, 
it is possible to conclude that, for the most part, the volume fraction of the cerebral cortex 
occupied by the neuropil varies little across the cortical mantle, with the exception of area 17 
that appears to have a lower volume fraction of neuropil in layers II-VI than the remainder of 
the cerebral cortex. It is noteworthy that, while not statistically different, the cell densities 
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within both areas 18 and V4 were slightly higher than the non-visual cortical areas.  This 
trend for higher cell densities within the visual areas is consistent with observations made 
with other techniques for this region of cortex in other primates (Collins et al., 2010). 
 
6.1.4 Myelin stain: layer-wise comparisons. 
The myelin staining, which was assumed to be a proxy measure for the volume 
fraction of axons within the neuropil, revealed that layer II was consistently lower in myelin 
density than the other cortical layers, all of which exhibited similarity in myelin density. This 
would then indicate that the volume fraction of the neuropil occupied by myelin, and by 
extension larger axons, is lower in layer II than the other cortical layers and that this is a 
consistent feature across primates.  
 
6.1.5 Myelin stain: area-wise comparisons. 
When comparing the same layers across cortical areas in all the three primate species, 
major variations were observed such that some layers exhibited high volume fractions of 
myelin within the neuropil and others low volume fractions. Despite this, the most frequent 
observation was that the majority of cortical layers in the various areas studied showed 
similar volume fractions of myelin.  A clear example of lower density myelin was observed 
for the cingulate cortical areas 23 and 24.  Across all layers, for all species, these areas had a 
lower myelin density than the others studied. While these areas appear to have the same 
volume fraction of the cortex occupied by neuropil (see above cell counts), within the 
neuropil there is a smaller fraction occupied by myelin than other cortical areas, perhaps 
freeing this space for other components of the neuropil. When comparing the same layers 
between homologous cortical areas of individuals of the same species for the three primate 
species studied there was, for the most part, strong similarities in the volume fraction of 
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myelin between animals. Thus, for all the species investigated it would appear that apart from 
some specific cases, for the most part the volume fraction of the neuropil occupied by myelin 
is similar across layers, cortical areas within individuals and homologous cortical areas 
between individuals, thus lending some support for Chklovskii et al. (2002). 
 
6.1.6  MAP-2 stain: layer-wise comparisons. 
The MAP-2 staining (a proxy for dendrites as demonstrated by Caceres et al., 1984; 
Sims et al., 1988; Kitagawa et al., 1989; Larriva-Sahd, 2002) across layers of the cerebral 
cortex within the same area showed that there was a slight decrease in the volume fraction of 
dendrites when counts progressed from layer I through to layer VI. While this trend was 
observed in all the species studied, the actual difference in counts was barely statistically 
significant, thus, the above trend is more indicative than absolute.  
 
6.1.7 MAP-2 stain: area-wise comparisons. 
When comparing the same layers between cortical areas within the same individual 
and between individuals in all the three species, no significant differences in the volume 
fraction of dendrites were observed, even for area 17 that had a lower overall neuropil 
fraction of the cortex. Thus, the volume fraction of the neuropil occupied by dendrites across 
the cortical mantle does not appear to vary significantly within the same layer in all the 
species. While it has been established that higher order areas have more branched, larger and 
more spinous dendritic arbors than lower order areas (Elston et al., 2005a,b,c,d,e,f,g), the 
results of the current study indicate that this increase in dendritic arbor complexity is not 
associated with an increase of the proportion of the neuropil occupied by dendrites. Thus, the 
current estimates of this central component of the wire fraction of the neuropil lend support 
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for the stasis in wire fraction proportionality prediction by Chklovskii et al. (2002) within, but 
not between, layers. 
 
6.1.8 GFAP stain: layer-wise comparisons. 
The GFAP immunostaining, previously demonstrated to label astrocytes and their 
processes (Halliday et al., 1996; Colombo et al., 1998, 2004), served in the current study as 
an indicator of whether variances in the glial components of the neuropil changed between 
layers and cortical areas. This stain revealed that layers I and VI had significantly higher 
volume fractions of the neuropil occupied by glial cell bodies and processes than layers II-V 
in all the three primate species studied.   
 
6.1.9 GFAP stain: area-wise comparisons. 
When comparing the same layers across cortical areas of the same individuals and 
between individuals of the same species in all the three primate species, no significant 
variations in the fraction of the neuropil occupied by astrocytes was observed, indicating that 
the volume fraction of the neuropil occupied by glia remained consistent. This would mean 
that the glia proportion of neuropil is consistent in areas across the cortical mantle within an 
individual and in homologous cortical areas between individuals of the same species for all 
the three species; however, this is a layer specific occurrence as glial volume density does 
vary considerably between layers. 
 
6.1.10 Neuropil component proportionality changes across layers and areas: 
The results of this study again argue both for and against Chklovskii et al. (2002) 
regarding stasis in the proportionality of the components of the neuropil for layers. 
Chklovskii et al. (2002) used electron microscopy and revealed proxies for axons 
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(microtubules and/or synaptic vesicles, and portion of bouton containing microtubules), 
dendrites (postsynaptic densities and spines), boutons, spines and glia, and measured volume 
fractions of these profiles in 3 areas of neuropil – in layer 1b of piriform cortex, stratum 
radiatum of hippocampal CA1 region and layer IV of occipital cortex in each of the two mice 
used in the study. Our methodology, on the other hand, was able to reveal profiles of a much 
larger extent for volume fraction quantification in all the six cortical layers from nine cortical 
areas that are considered higher and lower order areas of the cerebral cortex, in all the three 
primate species used in this study. Our results show that the proportions of three components 
of the neuropil, namely, myelin (large axons), MAP-2 (dendrites) and GFAP (astrocytes), 
change between layers: layer II is always low in myelin density, MAP-2+ structures decrease 
in density between layer I-VI, while GFAP+ structures are high in layers I and VI but low in 
the other layers. This change in neuropil proportionality needs to be confirmed with 
electronmicroscopic techniques for greater accuracy, but the results of the current study 
suggest that the outcome should be similar to what we have concluded. On the other hand, 
when the same layers from different areas across the cortical mantle, or in homologous areas 
between individual animals of the same species, were compared, there was mostly 
consistency in the proportionality in the three components of the neuropil, thus lending 
support for the conclusion of Chklovskii et al. (2002). Thus, it is clear that the cortical layer 
sampled is an important factor in the determination of the neuropil composition; however, it 
would appear that perhaps cortical area is not such an important factor.  We cannot comment 
on whether the “wire fraction” of the neuropil is similar to the 3/5 seen in the mouse by 
Chklovskii et al. (2002), as electronmicroscopy would be required, but it does appear that this 
may change between cortical layers, and thus each layer of the cortex may have unique 
wiring proportions to allow for circuit optimization. 
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6.1.11 Comparisons across all species: 
What appears to be most prominent when comparing the chimpanzee, vervet monkey 
and the baboon is the extent of the similarities in the trends exhibited by all the species when 
analyzed using the same technique. For example, in all species, area 17 has strikingly higher 
cell density than the other cortical areas investigated, while layer I in all cortical areas has a 
lower cell density than the other layers, and therefore a greater neuropil fraction than the 
other layers. Layer II of all the studied areas in the cortical mantles of the chimpanzees, 
vervets and baboons exhibited low myelin density, indicating that the fraction of the neuropil 
occupied by myelin in layer II across the cortical mantle of all three species is lower than 
seen for the other layers. Further, in all the species, the variance in myelin densities in 
homologous cortical areas (such as the low myelin density in cingulate cortical areas) also 
followed a similar pattern. In all the three primate species investigated, MAP-2 shows, in 
most instances, a decreasing trend in the proportion of neuropil occupied by dendrites from 
layer I-VI, but the proportion of neuropil occupied by dendrites across areas both within and 
between animals of the same species remains consistent. Volume fractions in GFAP+ 
structures were higher in layers I and VI but lower in the other layers of the chimpanzees, 
vervets and baboons, indicating that variations in the proportion of neuropil volume occupied 
by glia varies according to layer but remains consistent across the cortical mantle and 
between animals of the same species in all the three primate species examined. Thus, the 
trends identified in terms of both the neuropil fraction of the cerebral cortex and the fractions 
of the neuropil occupied by the different constituent components are identical in all the three 
species.  This may indicate a “primate-typical” organization of these features of the cerebral 
cortex and argues for the presence of a phylogenetic constraint acting on the evolution of 
variance in the organization of the cerebral cortex.  Given that both the baboon and vervet 
monkey, which are old-world cercopithecoids have similar trends to the chimpanzee, an 
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anthropoid, it is possible to think of these trends as being “primate typical” concerning the 
organization of the microstructure of the cerebral cortex. 
While these trends are strongly consistent within and among the species studied, there 
were some indications of differences between the species. Nissl+ counts in the chimpanzee 
were lower than in the baboon and in the vervet (see Tables 1 in Chapters 5, 3 and 4, and 
Figures 5 and 6 [chapter 5, chimpanzee results], 5 and 6 [chapter 3, baboons results], and 5 
and 6 [chapter 4, vervets results]).  This would indicate that the fraction of the cerebral cortex 
that is neuropil is larger in the chimpanzee than the baboon and vervet monkey. Therefore, 
the chimpanzee, with an absolute larger cerebral cortex, has a greater fraction of this larger 
cerebral cortex apportioned to neuropil. This then leads to the possibility that the quantitative 
extent of the cerebral cortex dedicated to neuronal connectivity, and thus information 
processing, is larger both within the same volume of cortex and as an absolute volume in the 
chimpanzee as compared to the baboon and vervet monkey. It is tempting to think that such a 
difference may be related to greater behavioural complexity observed in the chimpanzee 
compared to the baboon and vervet monkey (Deaner et al., 2007).  
Interestingly, the analyses of the chimpanzee, vervet and baboon revealed no 
differences of note in the volume fraction of the neuropil occupied by myelin. While larger 
brains are proposed to have greater connectivity than smaller brains (Smaers et al., 2010), and 
require more myelin to transmit signals across greater distances in the same amount of time 
(Miller, 1994), this was not readily apparent in our analysis. Thus, our results lead to the 
conclusion that chimpanzee, vervet and baboon brains are equally myelinated, and that the 
neuropil fraction occupied by myelin is consistent among the three species. The dendritic 
component of the neuropil, as visualized by MAP-2 staining, indicates that the larger 
chimpanzee cortex has a lower dendritic density than the baboon and vervet monkey for a 
given volume of neuropil. This may indicate a lower rate of connectivity per unit volume in 
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the larger brain, but since a larger brain has both a larger neuropil fraction per unit volume of 
the cerebral cortex and a significantly larger cerebral cortex, this decrease in density may 
only act to modestly decrease overall connectivity in the chimpanzee, being compensated for 
by these other factors. Lastly, it appears that the chimpanzee has slightly more glia cells and 
processes per unit volume of neuropil than the baboon and vervet monkey. Given the larger 
cortical fraction of neuropil and greater absolute amount of neuropil in the chimpanzee, it 
appears that the chimpanzee cortex has significantly more glia than the baboon and vervet 
monkey cortices, an observation consistent with previous studies using other methods 
(Sherwood et al., 2006). It is therefore possible to conclude that while there are many similar 
trends exhibited in the organization of the neuropil in all the species, there appears to be 
differences in the relative proportions per unit volume within the neuropil.  It is not unlikely 
that these relative differences, combined with absolute cortical size, play a role in the support 
of different levels of behavioural flexibility in the three species (Deaner et al., 2007). 
  
6.1.12 Potential Functional Implications: 
 The analysis undertaken here is suggestive of a range of potential functional 
interpretations, given that the neuropil is one of the most important computational portions of 
the cerebral cortex. The finding that there are differences between layers in terms of the 
volume of the cortex that is neuropil (Nissl stain), and the amount of the neuropil that is 
axonal (myelin stain), dendritic (MAP-2 stain) and glial (GFAP stain) may be reflective of 
the different functional and input-output relationships of these layers and this appears to be 
similar in the chimpanzee, vervet and baboon (e.g. Lübke and Feldmeyer, 2007).  For 
example, the steady decline in dendritic volume fraction from layer I through to VI may be 
indicative of a decreasing level of the receipt of afferents with cortical depth, a decreasing 
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level of local dendritic processing of afferent information, or even a decrease in the extent of 
dendritic sampling of afferent inputs. 
 In contrast to these potential functional changes between layers, are the findings that 
indicate consistencies between cortical areas, in all the three species, when the same layers 
are compared.  For the vast majority of cases the volume fraction of the cortex occupied by 
the neuropil, and the volume fractions of the neuropil occupied by the different components 
of the neuropil, were statistically undifferentiated.  Thus, we can conclude that, when 
corrected for layers, the amount of cortex that is neuropil, and the proportions of the different 
components of the neuropil, are for the most part stable across the cortical mantle within and 
individual and between individuals of the same species. This would indicate that all the three 
primate species display similar levels of complexity in terms of information processing 
between cortical areas within the species, but this may significantly vary between the species 
(this variation is specifically tested in the ensuing chapter). 
There are of course interesting exceptions to this scenario.  Area 17 clearly has a 
lower neuropil fraction of the cortex than the other areas; however, within this area, the 
volume fractions of the neuropil components are similar to that seen in other areas.  When 
this is combined with the low dendritic complexity of neurons in this area (Elston et al., 
2005a), it is perhaps not surprising that area 17 only processes simple visual stimuli (e.g. 
Vidyasagar, 1996).  This can be contrasted with the cingulate cortical areas, where complex 
information processing occurs (Allman et al., 2001).  In these areas, 23 and 24, the neuropil 
occupied a fraction of the cortical volume comparable to other cortical areas (except area 17), 
but within this neuropil, the proportion of myelin was lower than other areas (while dendritic 
and glial proportions were similar). In addition to this, the dendritic complexity of the layer 
III pyramidal neurons within these areas, especially area 24, is higher than that seen in other 
cortical areas (Elston et al., 2005b).  What this appears to indicate is that the amount of the 
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neuropil that may be occupied by unmyelinated axonal inputs, supplying the complexly 
organized dendritic arbors, may be higher in these areas than others and this potential type of 
change may play a role in the ability of these areas to process highly integrated neural 
information (Allman et al., 2001). 
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CHAPTER 7 
7.1 Introduction: 
This chapter assesses the investigations done on the anatomical proportionality of 
three components of the neuropil and the cellular components in the cerebral cortex of three 
primate species, namely vervet monkeys (Cercopithecus aethiops), olive baboons (Papio 
anubis) and common chimpanzees (Pan troglodytes) to assess possible trends that may be 
evident from these investigations (Chapters 2, 3, 4, 5 and 6). In these chapters the anatomy of 
the neuropil within a range of cortical areas of the three primate species was quantitatively 
investigated, with one central conclusion arising from these analyses: that there is little 
variation within individuals or species in terms of the composition of the three components of 
the neuropil, i.e. dendrites, myelin and glia in the cerebral cortices examined in these studies 
varies little across the cortical mantle within individuals and within species. This finding 
supports the concept of Chklovskii et al. (2002) who indicate that the wire fraction of the 
cerebral cortex should be 60% for optimal cortical functioning; however, it remains unclear 
what happens when brain size changes.  The nominal 60% wire fraction proposed by 
Chklovskii et al. (2002) was empirically determined in the cerebral cortex of the laboratory 
mouse, which has a small brain and is only distantly related to primates. It is therefore 
possible that while this value may be directly relevant to the laboratory rat, it may not be 
applicable to primates or other mammals. To verify whether the proportions of the different 
components of the neuropil remain consistent or change with changes in brain size in 
different species, the current study undertakes a meta-analysis of the results derived from the 
studies performed on the individual primates. These previous studies examined the cerebral 
cortex of individuals that had brain masses ranging from 64.9 g (vervet monkey) to 404.6 g 
(common chimpanzee), representing a greater than 6 fold difference in total brain mass.  
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While Chklovskii et al. (2002) propose consistency in the wiring of the neuropil, 
previous quantitative studies related to the neuropil and its components across primates in 
relation to changes in brain mass have shown that there is a decrease in cortical cell density 
with increased brain mass, meaning that per unit volume larger primate brains will have more 
neuropil (Rockel et al., 1980; Haug, 1987; Watanabe-Sawaguchi et al., 1991; De Sousa et al., 
2010). Others have shown that as brain mass increases, there is an associated increase in the 
density of glial cells, thus the larger brains appear to have more of their neuropil occupied 
with glia per unit volume than smaller brains (Haug, 1987; Colombo et al., 1998, 2004; 
Sherwood et al., 2006). Miller (1994) has suggested that when brain size increases there is an 
associated increase in myelin density within the cerebral cortex, this indicating that per unit 
volume there will be a greater amount of the neuropil occupied by myelin in larger brains. 
Last, it has been demonstrated that the pyramidal neurons of larger brains have a greater 
dendritic arbor complexity in larger brains (Elston et al., 2005h, 2006, 2007), but there are no 
indications of whether the per unit volume of the neuropil occupied by dendrites will vary 
with changes in brain size.  
All these studies suggest potential changes in composition of the neuropil even though 
they argue against uniformity of wire versus non-wire components consistency (at 60%) 
suggested by Chklovskii et al. (2002). Given this scenario, the meta-analysis undertaken here 
sought to answer one fundamental question: Do the proportions of the components of the 
neuropil per unit volume vary across the cortical mantles of different species with varying 
brain masses? 
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7.2 Materials and Methods: 
7.2.1 Animals used in data generation: 
We undertook a meta-analysis of data generated and presented in chapters 2, 3 and 4 
from two individuals from each of the three primate species studied (vervet monkey 
Cercopithecus aethiops, olive baboon, Papio anubis, and common chimpanzee, Pan 
troglodytes). These animals were designated vervet 1 and 2, baboon 1 and 2 and chimpanzee 
1 and 2. Vervet monkey 1, a mature male, had a body mass of 5.6 kg and a brain mass of 71.8 
g, while vervet monkey 2, a sub-adult male, had a body mass of 2.85 kg and a brain mass of 
64.9 g. Baboon 1, a mature male, had a body mass of 23.5 kg and a brain mass of 168.1 g, 
while baboon 2, also a mature male, had a body mass of 24.3 kg and a brain mass of 198 g. 
Chimpanzee 1 was a 17.8 year old sub-adult female with an estimated brain mass of 404.6 g 
and a body mass of 74.5 kg, while chimpanzee 2, a 44.4 year old female, had a body mass of 
67 kg and an estimated brain mass of 365 g. 
7.2.2 Staining for profiles: 
Nissl, myelin, microtubule associated protein-2 (MAP-2) and glial fibrillary acidic 
protein (GFAP) profiles were revealed using standard and immunohistochemical staining 
techniques. In the studies generating the data used in this meta-analysis, a cresyl violet stain 
was used to reveal the Nissl bodies (or rough endoplasmic reticulum) found in both the 
neuronal and glia cell bodies. The cresyl violet stain clearly labelled the various neuronal 
types, and also stained the large primary dendrites of several of these neurons (Figure 7.1). 
The glial cell bodies, especially in layer I, were also revealed with this stain. The myelin 
stain, a modified silver stain (Gallyas, 1979), revealed numerous myelinated axons 
throughout all cortical areas and in all cortical layers (Figure 7.1). The radial fascicles 
entering the cortex from the white matter were clearly labelled, as were the horizontally 
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oriented axons in the various cortical layers.  The immunohistochemical staining for MAP-2, 
which is a protein associated with the stability of microtubules and maintaining the 
cytoskeletal integrity of neurons (Caceres et al., 1984; Sims et al., 1988; Kitagawa et al., 
1989; Larriva-Sahd, 2002), revealed extensive staining in all cortical layers (Figure 7.1). 
Clearly labelled apical dendrites of the cortical pyramidal neurons and extensive labelling of 
the horizontally oriented dendrites was observed.  In certain cortical areas MAP-2 labelling 
was observed in neuronal somata, but this varied both with cortical layer and area. The 
immunohistochemical staining for GFAP, a filament protein found mostly in astrocytes and 
thought to be involved in maintaining astrocytic mechanical strength and cell shape 
(Halliday, et. al., 1996; Colombo, et. al., 1998, 2004; Sherwood, et. al., 2006), revealed dense 
staining in layer I where both cell bodies and glial processes were observed (Figure 7.1). In 
layers II – V a far lower density of only glial processes were observed, but these increased in 
number in layer VI. Thus, in terms of the data generated in previous studies for analysis in 
the current study we were able to stain neuronal and glial cell bodies, larger axons with the 
myelin stain, dendrites with the MAP-2 immunostain, and astrocytes and astrocytic processes 
with the GFAP immunostain.  This allowed us previously to quantify changes in the overall 
volume of the neuropil (using cellular stains) and variations within the structure of the 
neuropil (using the myelin, MAP-2 and GFAP stains) within and between a range of cortical 
areas and generate the data used in the current analysis. 
7.2.3 Sampling procedure for profile quantification used in previous studies: 
In the studies of the three species reported earlier (see Chapters 2), a column of cortex 
(spanning layers 1 through 6) from nine out of the twelve 14 µm sections from each stain for 
each cortical area (identified by cytoarchitecture) were systematically photographed at 40x 
magnification using a Zeiss Axioskop and the Axiovision software. The photomicrographs 
were joined into montages that spanned the cortical layers, and then 10 by 10 (100µm square) 
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grids were placed randomly onto the six cortical layers of the various cerebral cortical areas 
for point counting employing the Cavalieri estimator stereological method for profile volume 
fraction estimation (Weibel, 1963; Aherne, 1967; Gundersen and Osterby, 1981; Haug, 1986; 
Cruz-Orive, 1987; Michel and Cruz-Orive, 1988; Cruz-Orive and Weibel, 1990; Mayhew, 
1991; Schmolke, 1996). Values obtained from point counting were used to estimate volume 
fractions of the various components of the cortical grey matter and significant differences and 
similarities analyzed using a multifactorial three-way analysis of variance (ANOVA) with 
three independent factors, namely layer, area and specimen (see Chapter 2 for a detailed 
description of the statistical and sampling methods). 
7.2.4 Data analysis and comparison: 
The data sets generated in the previous studies were analyzed in six different ways: 
1. Comparison of individual animals means for the same stain and the same area. In this 
analysis a direct comparison of the average point counts for all six layers from all nine 
areas for all four stains from each individual animal was compared (i.e. the data 
generated in the previous studies was compared without further manipulation).  This 
would allow determination of whether the volume fraction counts varied in a 
systematic way between all individuals across the different cortical areas using the 
different stains. 
2. Comparison of species means for the same stain and the same area. In this comparison 
counts from each layer in each area were pooled for each species to derive a species 
mean count for each layer in each area for each stain (e.g. the point counts for the 
Nissl stain of layer 1 of area 17 of vervet monkey 1 were combined to provide a 
species mean of this layer for this area for this stain. This results in each species 
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providing 216 data points for comparison). This pooling would allow determination of 
species level variation in point counts across areas for each stain. 
3. Comparison of individual animals means for all areas combined for the four different 
stains.  In this analysis, all point counts for the same layers for the same stain were 
pooled and a mean for each layer for each stain generated (e.g. all counts for layer 1 
of the Nissl stain for all nine areas from vervet monkey 1 were combined to give a 
mean count value for layer 1 of the Nissl stain in this animal. This was repeated for all 
layers for each of the four stains resulting in 24 data points for each animal).  This 
pooling of data would allow the determination of whether there were individual trends 
in volume fractions for the layers in each stain irrespective of the areas, i.e. a cortex 
wide comparison. 
4. Comparison of species means for all areas combined for the four different stains. In 
this analysis, all point counts for the same layers for the same stain from both 
individuals of each species were pooled and a mean generated for each layer for each 
stain (e.g. all counts for layer I of the Nissl stain for all nine areas from vervet 
monkeys 1 and 2 were combined to give a mean count value for layer I of the Nissl 
stain for the species. This was repeated for all layers for each of the four stains 
resulting in 24 data points for each species).  This pooling of data would allow the 
determination of whether there were species trends in volume fractions for the layer in 
each stain irrespective of the areas, i.e. a species level cortex wide comparison. 
5. Comparison of brain masses against average counts across areas for individuals for 
the same stains in the same cortical layers.  In this analysis the recorded brain masses 
of each individual were compared to the individual means for each layer for each stain 
(i.e. the point count means generated in analysis 3 described above).  Brain mass was 
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plotted against individual average counts for each of the layers and regression analysis 
undertaken to determine if there were relationships evident between the point counts 
and brain mass.  Trendlines were fit to the data using Excel to derive linear equations 
describing the relationships and statistical analysis performed to determine whether 
these relationships were statistically significant. Both parametric and non-parametric 
tests for correlation, Pearson’s r and Spearman’s r respectively, were done using 
PAST statistical program. This analysis allowed the determination of whether there 
were reliable trends in average point counts across individuals that were associated 
with brain mass.  
6. Comparison of brain masses against average counts across areas for species for the 
same stains in the same cortical layers. In this analysis the average brain masses of 
each species were compared to the species means for each layer for each stain (i.e. the 
point count means generated in analysis 4 described above).  Average brain mass was 
plotted against species average counts for each of the layers and regression analysis 
undertaken to determine if there were relationships evident between the point counts 
and brain mass.  Trendlines were fit to the data using Excel to derive linear equations 
describing the relationships but statistical analysis could not be performed to 
determine whether these relationships were statistically significant since there were 
very few data points to enable us do this, despite presence of exactly similar trends 
observed in the individual comparisons above.  
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7.3 Results: 
The current study provides a meta-analysis of the data generated from the previous 
studies of vervet monkeys, baboons and chimpanzees (See Chapters 2, 3, 4 and 5). The 
central aim of this analysis was to determine if predictable changes in the proportions of the 
components of the neuropil emerge with changes in brain mass.  To undertake this, data taken 
from precisely the same volume of neuropil, in likely homologous cortical areas, from across 
individuals and across species was amalgamated and compared in several ways (see above). 
Both parametric and non-parametric tests for correlation, Pearson’s r and Spearman’s r 
respectively, were performed on the data compared to brain mass to determine whether these 
relationships were statistically significant; however, this was only undertaken for the 
individual layer specific average comparisons to brain mass as in the layer specific averages 
for species there were not enough data points to allow for a significance test. The central 
finding of these comparisons was that certain components of the neuropil did vary 
predictably with brain mass. 
7.3.1 Comparisons of means in the same areas in individual animals and species: 
7.3.1.1 Nissl Staining  
In the individual comparisons, there seems to be an emergent trend whereby larger 
brains exhibit lower point counts for Nissl+ structures (Figure 7.2). This did not apply to 
layer I as all counts from all individuals of all species in all areas were within the same range. 
The trend towards larger brains having a lower number of Nissl+ structures in layers II-VI 
was clearly seen in areas 4, 3b, 1, 24 and 23, while the comparisons for areas 17, 18, V4 and 
10 were ambiguous; however, even in these areas, the average counts for the chimpanzee 
individuals were always lower than those seen for the vervet and baboon individuals, and the 
ambiguity only arose when comparing the vervet and baboon individuals. For the species 
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means comparison, the same trend noted in the individual comparisons was observed, but 
again this did not apply to layer I.  The trend towards having lower average Nissl+ counts in 
larger brains for layers II-VI was clearly seen in areas 18, 4, 3b, 1, 24 and 23, while areas 17, 
V4 and 10 showed some ambiguity, but again, even in these areas (17, V4 and 10) the 
chimpanzee exhibited lower point count averages than the vervet and baboon. Interestingly, 
the comparison between species supported this trend more strongly than did the comparison 
between individuals, as an additional area (area V4) exhibited the trend when examining 
species averages (Figure 7.2). 
7.3.1.2 Myelin Staining 
Comparisons of the myelin staining revealed no distinct trends when comparing 
average counts across individuals or species as all of these comparisons showed ambiguity 
(Figure 7.3). For example, in the individual means comparisons, at one instance area 18 
showed that chimpanzees have lower average counts, while baboons had higher counts, but in 
area 23, chimpanzees have higher counts while baboons have lower counts. In area 24, there 
did not seem to be any trends as there were variations according to layer for all animals in the 
individuals of the three species examined. In the species means comparisons, baboons had 
higher counts and were therefore more myelin dense in area 17 than the vervet and the 
chimpanzee, but in area 23, baboons exhibited lower average counts than the vervet and 
chimpanzee, whereas in area 24, myelin density varied widely according to layer in all the 
three species studied (Figure 7.3). Thus, from the analysis undertaken here, it is impossible to 
determine whether myelin density changes predictably with brain mass. 
7.3.1.3 MAP-2  
For the comparison of the number of MAP-2+ structures across individuals and 
species, it was clear that larger brains had lower counts of MAP-2+ structures than the 
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smaller brains (Figure 7.4). For the individual means comparisons, this trend was clear in 
areas 17, 10, 4, 3b and 1, while areas 18, V4, 24 and 23 showed some ambiguity in this trend, 
but even in these areas the counts for the chimpanzees were mostly lower than for the 
baboons and vervets. In the species average comparisons, the same trend was clear in areas 
17, 10, 4, 3b, 1 and V4, while ambiguity in this trend was observed in areas 18, 24 and 23; 
however, in most of these latter areas, the chimpanzee had lower species average counts for 
MAP-2+ structures than the vervet and baboon (Figure 7.4). Interestingly, the comparison 
between species supported this trend more strongly than did the comparison between 
individuals, as an additional area (again area V4) exhibited the trend when examining species 
averages (Figure 7.4). 
7.3.1.4 GFAP 
Generally, there were no distinct trends when comparing individual and species means for all 
areas, but there may be weak trends where an increase in brain size leads, in some instances, 
to an increased number of GFAP+ structures in the larger brains (Figure 7.5).  For example, 
in the comparison of the individual animal means, areas 17, 18 and V4 showed some weak 
trend towards higher numbers of GFAP+ structures with increasing brain mass, but the 
remaining areas exhibited no such trend. However, in the areas where no trend was clearly 
evident, the vervets always had lower average point counts in comparison to both the 
baboons and chimpanzees, indicating that the smallest of the brains studied had less glial 
structures than the larger brains.  In the species means comparisons, similar weak trends were 
observed in areas 17, 18, V4 and 3b, while all the remaining area showed no clear trends, but 
again even in those areas where no trend could be readily identified, the vervet had lower 
average counts for GFAP+ structures (Figure 7.5). 
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7.3.2 Comparisons in average counts of individual animals and species for all areas 
combined: 
7.3.2.1 Nissl 
For this comparison, all Nissl+ counts in a specific layer from all areas within an 
individual (9 areas), or within a species (18 areas), were combined to provide an average 
Nissl+ point count for each layer within an individual and within a species. In the individual 
comparisons, there were clear trends indicating that larger brains had lower average counts 
for Nissl+ structures than smaller brains; however, this trend did not apply to layer I, as 
average counts in this layer were similar across individuals (Figure 7.6). A comparison of 
averages for combined areas for the species revealed the same clear trend, but again this trend 
was not applicable to layer I (Figure 7.6). 
7.3.2.2 Myelin 
For this comparison, all myelin+ counts in a specific layer from all areas within an 
individual (9 areas), or within a species (18 areas), were combined to provide an average 
myelin+ point count for each layer within an individual and within a species. Individual 
average counts showed the possible existence of a weak trend where larger brains may have 
lower average counts, but this was not readily apparent (Figure 7.6). This potential weak 
trend was also seen when comparing average counts for species (Figure 7.6). 
7.3.2.3 MAP-2 
For this comparison, all MAP-2+ counts in a specific layer from all areas within an 
individual (9 areas), or within a species (18 areas), were combined to provide an average 
MAP-2+ point count for each layer within an individual and within a species. Individual 
animal comparisons showed a clear trend whereby larger brains had lower counts for MAP-
  189 
2+ structures (Figure 7.6). This trend was similarly observable in the comparisons for species 
means, where in the chimpanzee, the average counts for MAP-2+ structures were lower than 
in the baboon, which were in turn lower than in the vervet (Figure 7.6). 
7.3.2.4 GFAP 
For this comparison, all GFAP+ counts in a specific layer from all areas within an 
individual (9 areas), or within a species (18 areas), were combined to provide an average 
GFAP+ point count for each layer within an individual and within a species. For both the 
individual animal and species average means comparisons, there existed some weak trends 
where larger brains appeared to have higher counts for GFAP+ structures; however, this was 
not always readily apparent. For the most part, the vervet had lower average points than both 
the baboon and chimpanzee (Figure 7.6). 
7.3.3 Comparison of combined average layer counts for individual animals against 
brain mass: 
For this comparison, all counts in a specific layer from all areas for a specific stain 
within an individual (9 areas) were combined to provide an average point count for each layer 
for each for an individual. Both parametric and non-parametric tests for correlation, Pearson’s 
r and Spearman’s r respectively, presented very similar patterns with both Nissl and MAP-2 
counts correlating significantly with brain mass across all layers, but GFAP demonstrated no 
correlation. Myelin on the other hand was variable between the tests with only layer 4 being 
significant in both, signifying at best a weak relationship. 
7.3.3.1 Nissl 
Clear and statistically significant trends were revealed for all layers except layer I.  
For layers II-VI, the linear regression analysis revealed a trend that showed that an increase in 
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brain mass was statistically significantly accompanied by a decrease in average counts of 
Nissl+ structures (Figure 7.7). Thus, a predictable trend towards less Nissl+ structures in 
larger brains was revealed for layers II-VI. In layer I, where the average point counts were 
similar, no such trend could be observed. 
7.3.3.2 Myelin 
Statistically significant trends for layers III, IV and V, were observed in this 
comparison, whereby larger brains appeared to have less myelin than the smaller brains; 
however, in these statistically significant trends, the slopes were very shallow, thus the trend 
towards lower myelin in larger brains may only be a very weak trend. No clear trends were 
observed for layers I, II and VI (Figure 7.7). 
7.3.3.3 MAP-2 
Clear and statistically significant trends emerged in this comparison, where an 
increase in brain mass was statistically significantly followed by a decrease in the number of 
MAP-2+ structures for all cortical layers. Layers I, II and III (supragranular layers) had 
steeper slopes than those of layers IV, V  and VI (infragranular layers), which all exhibited a 
similar slope (Figure 7.7). Interestingly, the data generated for layer I showed the steepest 
slope, layer II a slightly shallower slope, which was again repeated for layer III, before a 
consistent, but shallower, slope was observed for layers IV-VI. 
7.3.3.4 GFAP 
No statistically significant trends could be observed for this comparison for layers II-
VI; however, for layer I a significant trend was noted when an outlier, chimpanzee 1, was 
removed from the analysis, showing that in larger brains for layer I there were more GFAP+ 
structures. Despite the lack of significance, weak trends appeared to exist for increased 
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numbers of GFAP+ structures with increase in brain mass across all layers. Layers I and VI 
in particular showed high counts for GFAP+ structures in all the species studied (Figure 7.7). 
   
7.3.4 Comparison of combined average layer counts in all areas for species against 
species average brain mass: 
In this comparison exactly the same trends, or lack of trends, observed in the 
individual animals comparisons for combined averages across areas presented above, were 
repeated. Unfortunately, in this case, due to the low numbers of data points, statistical 
analyses were not rigorous enough to test for reliable relationships between brain mass and 
average point counts. 
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Figure 7.1. High power photomicrographs of representative regions showing the 
structures stained in vervet monkey (A, D, G, J), baboon (B, E, H, K) and chimpanzee (C, 
F, I, L) cerebral cortex used for previous quantitative analysis. Profiles are compared for 
same layer and cortical area in the three species. Nissl stain of the layer III/IV border in 
area 18 in vervet (A), baboon (B) and chimpanzee (C). Myelin stain of layer V of area 4 
in vervet (D), baboon (E) and chimpanzee (F). MAP-2 immunostain of layer IV in area 
24 of vervet (G), baboon (H), and chimpanzee (I). GFAP immunostain of layer I of area 
3b in vervet (J), baboon (K) and chimpanzee (L). Scale bar in L = 50 µm and applies to 
all. All sections were 25 µm in thickness. 
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Figure 7.2. Graphs comparing individual animals and species mean counts of Nissl 
positive structures with cortical layers in the different cortical areas examined in vervet 
monkeys, baboons and chimpanzees. The upper 9 graphs represent the individual animals 
means for vervets (red, vervet monkey 1 solid red markers, vervet monkey 2 hollow red 
markers), baboons (green, baboon 1 solid green markers, baboon 2 hollow green 
markers) and chimpanzees (black, chimpanzee 1 solid black markers, chimpanzee 2 
hollow black markers) in the cortical areas examined. The lower 9 graphs illustrate 
species means for vervet (red markers), baboon (green markers) and chimpanzees (black 
markers).  Note the trend where larger brains (chimpanzee > baboon > vervet) have lower 
point counts for Nissl+ structures which is readily observable in areas 4, 3b, 1, 24 and 23, 
but less so in areas 17, 18, V4 and 10 for individual comparisons, whereas in the species 
comparisons, this trend is clear in areas 18, 4 3b, 1, 24 and 23, but less so in areas 17, V4 
and 10. 
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Figure 7.3. Graphs comparing individual animals and species mean counts of myelin 
positive structures with cortical layers in the different cortical areas examined in vervet 
monkeys, baboons and chimpanzees. The upper 9 graphs represent individual animals 
means for vervets (red), baboons (green) and chimpanzees (black), while the 9 graphs 
below illustrate species means for vervet (red), baboon (green) and chimpanzee (black) in 
the cortical areas examined for comparison to each other. Conventions as in Figure 2. 
Note the lack of clear trends in both the individual and species comparisons. It would 
appear that all brains sizes are equally myelinated.  
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Figure 7.4. Graphs comparing individual animals and species mean counts of MAP-2 
immunopositive structures with cortical layers in the different cortical areas examined in 
vervet monkeys, baboons and chimpanzees. The upper 9 graphs represent individual 
animals means for vervets (red), baboons (green) and chimpanzees (black), while the 9 
graphs below illustrate species means for vervet (red), baboon (green) and chimpanzee 
(black) in the cortical areas examined for comparison to each other. Conventions as in 
Figure 2. Note the general trend where larger brains (chimpanzee > baboon > vervet) 
have lower point counts for MAP-2+ structures. This trend is clear in areas 17, 10, 4, 3b 
and 1, but less clear in areas 18, V4, 24 and 23 for individual comparisons, while this 
trend is seen in areas 17, 10, 4, 3b, 1, and V4, but is less clear in areas 18, 24 and 23 for 
the species comparison.  
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Figure 7.5. Graphs comparing individual animals and species mean counts of GFAP 
immunopositive structures with cortical layers in the different cortical areas examined in 
vervet monkeys, baboons and chimpanzees. The upper 9 graphs represent individual 
animals means for vervets (red), baboons (green) and chimpanzees (black) in the cortical 
areas examined for comparison to each other, while the 9 graphs below illustrate species 
means for vervet (red), baboon (green) and chimpanzee (black). Conventions as in Figure 
2. Note the lack of strong trends at both the individual and species comparisons; however, 
weak trends may exist where larger brains have more GFAP+ structures. Areas 17, 18 
and V4 show this weak trend in the individual comparisons, whereas areas 17, 18, V4 and 
3b show this weak trend in the species comparisons.  
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Figure 7.6. Graphs comparing plots of means for individual animals from all areas 
combined and species means for all areas combined in the various stains. The upper 4 
graphs represent individual animals means for all areas combined in same stain in vervets 
(red), baboons (green) and chimpanzees (black), while the 4 graphs below illustrate 
species means for all areas combined in same stain in vervet (red), baboon (green) and 
chimpanzee (black) in the cortical areas examined for comparison to each other. 
Conventions as in Figure 2. Note the clear trends in both individual and species 
comparisons for Nissl+ and MAP-2+ strutures, where larger brains show lower average 
point counts for Nissl+ and MAP-2+ structures. Both myelin and GFAP+ structures 
reveal weak trends in both the individual and species comparisons, where in myelin, 
larger brains seem to have less myelin, but more GFAP+ strucutres. 
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Figure 7.7. Graphs comparing plots of means for individual animals from all areas combined 
with brain masses in the various stains. Brain masses of individuals are compared to 
individual means for each layer for each stain. Linear regression analysis was undertaken, 
providing equations describing the relationship between brain mass and average point counts 
across the cortical layers. Note the statistically significant negative trends in Nissl and MAP-
2, confirming that larger brains are predcitably lower in the number of structures positive for 
these stains. No clear trend could be found for myelin structures, but it is possible that a very 
weak negative trend may exist. GFAP shows a positive, but statistically non-significant trend 
across in all its layers for increasing numbers of GFAP+ structures, except for layer I, which 
becomes statistically significant when an outlier from the chimpanzee data is excluded from 
the analysis. 
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7.4 Discussion 
A meta-analysis of data from three previously studied primate species, vervet 
monkeys, baboons and chimpanzees (Chapter 2, 3, 4 and 5), was undertaken with the aim of 
determining whether predictable changes in proportions of the components of the neuropil are 
associated with changes in brain mass (and by extension volume of the cerebral cortex, 
Finlay and Darlington, 1995). To achieve this goal, data taken from exactly the same volume 
of neuropil in what are likely to be homologous areas of the cerebral cortex, from across 
individuals and species were collated and then compared in a number of ways. The analysis 
indicated that, in some cases, clear trends were observable for certain components of neuropil 
(neuropil fraction of the cerebral cortex and dendritic fraction of the neuropil) as they varied 
predictably with brain mass, while in others (axonal and glial fractions of the neuropil) no 
statistically significant trends could be found, but there were weak observable trends between 
these components and changes in brain mass. 
7.4.1 Neuropil fraction of the cerebral cortex increases predictably with increasing 
brain mass: 
The neuropil fraction of the cortex, as revealed with Nissl staining, increased 
predictably with an increase in brain mass. In the majority of cases when the individual area 
means were compared to brain mass, both for the individual animal and species comparison, 
the neuropil fraction of cortex increased with increased brain mass. There were, however, 
some exceptions to this general trend. The trend was not clear for layer I, and in areas 10, 17, 
18 and V4 there was some ambiguity in the results when comparing the baboon and vervet 
monkey, but the larger brained chimpanzee always exhibited the greatest neuropil fraction of 
the cerebral cortex. In relation to brain mass, there were reliable and strongly statistically 
significant, predictable trends when individual aggregates were analyzed. This analysis 
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showed that an increase in brain mass was strongly correlated with an increase in the neuropil 
fraction of the cerebral cortex. These findings are in agreement with previous studies on 
primates, which have shown that the fraction of cortex that is neuropil increases with increase 
in brain size (Rockel et al., 1980; Haug, 1987). 
7.4.2 Axonal fraction of the neuropil appears to decrease slightly with increased brain 
mass: 
The fraction of neuropil that is large axons, as determined by myelin staining, was 
observed to show a slight decrease associated with an increase in brain mass. This trend was 
not at all clear in the individual and species average area comparisons for same stain, where 
there was a virtual lack of any clarity in fraction of the neuropil that was myelin in relation to 
brain mass, as all the areas compared show some ambiguity in the relationships between 
counts. In contrast, the combined areas averages comparisons for both the individual animal 
and species did reveal some weak trends towards a decrease in myelin density with an 
increase in brain mass. When the data was directly compared to actual brain masses for the 
individuals, there were weak correlations between the fraction of the neuropil that is myelin 
and brain mass. This was most readily observable in layers  I, III, IV and V, where there was 
some statistical significance to these trends. In these cases, and in fact in all layers, the trend 
lines that were generated for the data show a shallow negative slope, indicating that indeed 
there is a trend towards a decrease in myelin per unit volume of the neuropil.  These findings 
contrast with Miller’s (1994) ideas that larger brains are more heavily myelinated and they 
also argue against consistency in the structure of the neuropil as proposed by Chklovskii et al. 
(2002). 
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7.4.3 Dendritic fraction of the neuropil decreases predictably with increasing brain 
mass: 
The fraction of neuropil that is dendrites, as revealed with MAP-2 immunostaining, 
varies predictably with brain mass where clear and statistically robust trends show a decrease 
in the fraction per unit volume of dendrites with an increase in brain mass. When comparing 
individual means for same stain, this trend was clearly seen in areas 17, 10, 4, 3b and 1, but 
was somewhat ambiguous in areas 18, V4, 24 and 23. When the species means of each area 
were compared, the majority of areas exhibited this trend clearly, while ambiguity was only 
seen in areas 18, 24 and 23. In the combined areas mean averages, dendritic fraction per unit 
volume of the neuropil was seen to decrease with an increase in brain mass and this trend was 
very clear both in the individual and species comparisons. In relation to brain size, the 
individual combined areas mean average comparisons showed statistically robust correlations 
for all cortical layers, such that the dendritic fraction of the neuropil decreases predictably 
with brain mass.  The rate of decrease was greatest for layer I, followed by progressively 
lower rates of decrease for layer II, then layer III, with layers IV, V and VI showing a similar 
rate of decrease. It is interesting to note that despite studies showing increases in dendritic 
arbor complexity with increased brain mass (Elston et al., 2005, a,b,c,d,e,f,g), that the 
dendritic fraction per unit volume of the neuropil decreases with increase in brain mass. Thus, 
the findings in the current study appear somewhat counterintuitive in relation to increased 
dendritic arbor complexity. In addition, these findings would appear to argue against the 
concept of wire-fraction optimality (Chklovskii et al., 2002), as the decrease in per unit 
volume of dendrites indicates that the wire fraction of the neuropil will be smaller in larger 
brains.  While these differences may be small, they may play a significant role in the per unit 
volume processing capacity of the neuropil. 
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7.4.4 Glial fraction of the neuropil appears to increase slightly with increased brain 
mass: 
The fraction of neuropil thought to be astrocytes and astrocytic processes, as revealed 
by GFAP immunostaining appears to show a weak, but not statistically significant increase 
with increased brain mass. When comparing individual and species mean averages for the 
cortical areas studied, there were no clear trends that associated glia density with brain mass, 
but there were potentially some weak trends in some areas, for example in the individual 
animal area comparison, the visual areas (17, 18 and V4) and area 3b reveal a weak trend 
towards an increase in glia with increased brain mass. In addition, even in the areas where 
any trends were ambiguous, the small brained vervet monkey had lower fractions of glia per 
unit volume of the cortical neuropil. When comparing combined areas averages for 
individuals and species, there were again indications of the presence of weak trends for an 
increase in the glial fraction of the neuropil with an increase in brain mass. When this data 
was specifically compared to brain mass, the individual combined areas averages comparison 
were not able to predict changes in glia with increased brain mass. Despite this, there were 
weak correlations that could be observed, even in the absence of statistical significance, such 
that the glial fraction of the neuropil increased in association with increased brain mass. This 
finding is supported by a previous study by Sherwood et al. (2006), who examined glial cell 
numbers in layers II/III of anthropoids and arrived at a similar conclusion. 
7.4.5 Implications of the changes of neuropil composition with brain mass: 
 The current meta-analysis revealed four specific changes of central interest to our 
understanding of both the evolutionary and functional aspects of the neuropil with changes in 
brain mass.  An increase in brain mass appears to affect the neuropil in the following ways: as 
brain mass increases (1) the neuropil fraction of the cerebral cortex increases; (2) the axonal 
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fraction of the neuropil shows a slight decrease; (3) the dendritic fraction of the neuropil 
shows a clear decrease; and (4) the glial fraction of the neuropil shows a slight increase. 
Trends (1) and (4) confirm the results and conclusions of previous studies (Rockel et al., 
1980; Haug, 1987; Sherwood et al., 2006), but trends (2) and (3) are novel findings and 
specifically relate to the wire fraction of the neuropil and thus will clearly have important 
theoretical, functional and evolutionary implications. 
7.4.5.1 Implications for wiring optimization: 
 Chklovskii et al. (2002) clearly indicate from their electronmicroscopic and 
theoretical studies of the neuropil in the mouse brain, that the wire fraction of the cerebral 
cortex appears to be constant (3/5 of the neuropil) and that this is likely to be the optimal 
fraction of the neuropil for efficient circuitry. The studies provided herein (Chapters 2, 3, 4 
and 5) demonstrate clear layer differences in the wire fraction of the cerebral cortex, but these 
studies also demonstrate, for the most part, consistency in the neuropil wire fraction of the 
same layer across the areas of the cerebral cortex investigated. Thus, the analyses undertaken 
here both provide some support for the concept of wiring optimization as proposed by 
Chklovskii et al. (2002), but also indicate that each cortical layer has its own optimal wiring 
pattern.  Of further interest is that Chklovskii et al. (2002) imply that the 3/5 wire fraction of 
the neuropil found in the mouse should apply to all mammalian cerebral cortices.  The 
analysis undertaken in the current study clearly indicates that this is not the case, and that 
predictable changes in neuropil composition, including the wire fraction, occur with changes 
in brain mass.  While the present series of studies does not allow a direct comparison of 
actual values as determined by Chklovskii et al. (2002), these studies do show that this 
generalization does not apply to all mammalian brains and that when wiring optimization is 
considered across species absolute brain mass must be incorporated as an important factor. 
The analysis undertaken here strongly suggests the importance of determining the actual wire 
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fraction of the neuropil across a range of mammalian species, as this may be a strong 
indicator of computational efficacy and robusticity of the different cerebral cortices of the 
different species. 
7.4.5.2 Functional Implications: 
It is apparent from this series of studies that an increase in the neuropil fraction of the 
cerebral cortex, both per unit volume and as an absolute volume is associated with an 
increase in brain mass. The straightforward conclusion is that there is more neuropil available 
for computational processes; however, this conclusion needs to be tempered with the 
observations of the current study showing that there are changes within neuropil regarding 
both wire and non-wire fractions. Within the neuropil, the current study shows that, for a 
given unit volume, larger brains have less wire than smaller brains. Thus, on a “pound for 
pound” basis, it would appear that the neuropil within smaller brains is likely to be more 
heavily connected, having more wire, than larger brains; however, larger brains have an 
absolutely larger amount of neuropil, which in all likelihood mitigates the potentially 
negative impact of lower connectivity within their neuropil. In addition, larger brains have a 
greater dendritic arbor complexity than smaller brains (Elston et al., 2005 a,b,c,d,e,f,g), which 
may lead to greater complexity of information processing at this level of neuronal 
organization, possibly also mitigating against the negative impacts of a lower per unit wire 
fraction of the neuropil. It would follow from these observations that, despite lower per unit 
wire fractions within the neuropil, the absolute amount of wire available for computational 
activities within the cerebral cortex will be significantly larger in larger brains. This larger 
absolute amount of wire, with associated neuronal complexity, is likely to be at least one of 
the bases for an increase in behavioural complexity exhibited by primates with larger brain 
masses (Deaner et al., 2007). 
  212 
7.4.5.3 Evolutionary Implications: 
 Studies in evolutionary psychology have pushed much of the current thinking towards 
adaptive explanations for changes in behaviour of animals of different brain sizes, and often 
implicate behaviour as the driving force behind evolution of changes, mostly increases, in 
brain size (e.g. Shultz and Dunbar, 2010). In contrast to this viewpoint, the majority of 
neuroanatomical studies, including the current one, argue in a different direction, i.e. that 
evolutionary pressures do not work in an adaptive sense to alter the structure of the brain. The 
current study and a large number of previous studies have shown that structural laws of form, 
allometric and other forms of scaling (e.g. Finlay and Darlington, 1995), along with 
phylogenetic constraints, are the most prevalent factors underlying changes in neuroanatomy 
(and consequently neurophysiology and behaviour). It would be difficult to propose a 
scenario that would explain, through adaptive rationale, such phenomena as the decrease in 
the dendritic fraction of the neuropil being strongly associated with brain mass.  It would 
clearly be more parsimonious to think that evolutionary pressures acting upon body mass, to 
which brain mass is strongly correlated (Jerison, 1973), would lead to increases in brain mass 
and the associated internal structural changes that would lead to changes in behaviour.  The 
present study is but one example of many that argues for this likelihood rather than proposed 
adaptive pressures, such as social interactions, being the ultimate evolutionary explanation of 
increases in behavioural complexity (Deaner et al., 2007). 
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CHAPTER 8 
8.1 Introduction: 
This chapter assesses the investigations done on the anatomical proportionality of 
three components of the neuropil and the cellular component in relation to the cortical 
columns of the cerebral cortex within the three primate species investigated.  This was done 
to determine how the components of the neuropil may vary in the cortical columns in the 
studied cortical areas and to assess possible trends that may be evident from these 
investigations as brain mass changes (see Chapters 2 – 5).  
In the previous chapters (2 – 5) the anatomy of the neuropil within a range of cortical 
areas of three primate species was quantitatively investigated, comparing homologous 
cortical layers across individuals of the same species and between species. The central 
conclusion arising from these analyses was that there is little variation across the cortical 
mantle within individuals or species in terms of the composition of the three components of 
the neuropil, i.e. dendrites, myelin and glia when examining just the individual layers; 
however, given the columnar manner in which information is processed within the cortex, it 
is of interest to determine whether at a larger scale of cortical organization trends related to 
functionality may emerge. 
Cortical columns are elementary anatomical and functional processing units of the 
cerebral cortex, and are visualized being approximately 500 µm in diameter and comprised of 
neurons that lie in narrow vertical columns, extending from layer I through to layer VI 
(Lubke and Feldmeyer, 2007). These columns of neurons form vertical chains of ascending 
and descending connections across the layers as key components of interactive circuitry 
(Manger, et al. 1998; Jones, 2000; Buxhoeveden and Casanova, 2002; Jones and Rackic, 
2010). These columns form a series of iterated units across the horizontal extent of the 
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cerebral cortex and are themselves composed of repeated minicolumns, that measure about 
50 µm in diameter (Jones, 2000). Jones and Rakic (2010) consider a column as defined by 
terminations of a group of thalamic fibres that arise from a constellation of neurons receiving 
input from a topographically identifiable zone of the receptive periphery. The output of the 
recipient cells in the cortex are vertically arranged so that the first synaptic activity ensuing 
from their activation spreads almost instantaneously to neurons located in layers above and 
below them in a column not much wider than the diameter of the set of place- and modality-
specific cells receiving the thalamic input.  
As columns and minicolumns are discrete and roughly similar in size in all species 
(Manger, et al., 1998; Jones, 2000), it may be safe to assume that there is a specific number 
of columns in a given brain size such that when the cerebral cortex gets bigger, the number of 
columns and minicolumns will increase. In essence, there is a multiplier effect in column 
numbers with increased brain size and this may have a bearing towards the processing power 
of the cortex, the assumption being multiplication generates complexity. But if columns stay 
roughly the same size, there is a size constraint acting upon neurons as their dendritic arbors 
enlarge and become more complex (see Elston, et al., 2005, a,b,c,d,e,f,g). Thus, as the brain 
gets bigger in chimpanzees, has anything happened to organization of the neuropil within the 
columns that may affect processing power?  
There is hierarchy in neural information processing within the cortex as information is 
fed forward from lower order to higher order areas. For example, visual area V1, which is a 
lower order area, performs simple processing tasks such as shape and angle determination 
(Zhaoping, 2005; Kennedy et al., 2008), while the higher order area V4 processes, for 
example, colour consistency (Zeki, 1973; Kulikowski and Vaitkevicius, 1997; Vladusich and 
Broerse, 2002; Brang et al., 2010), which is a more complex processing task. This increase in 
the complexity of neuronal processing is reflected in the complexity of stimuli required to 
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evoke neuronal depolarization (Tononi et al., 1998) and the greater complexity of the 
connectivity of an area as measured by input-output relationships showing that there is a 
greater diversity of connectivity in higher order areas (Felleman and Van Essen, 1991). Thus, 
increased diversity of cortical-cortical and other connectivity, along with increased dendritic 
complexity, appears to be associated with greater sophistication of neuronal information 
processing. Both these anatomical features lead one to suspect that there may be changes in 
the organization of the neuropil when comparing columns from lower order to columns from 
higher order areas. Thus, examining the neuropil throughout the entire column may lead to 
insights into differences in neuronal information processing in different areas of the cortex 
and in brains of different sizes.  
 
8.2 Materials and Methods: 
8.2.1 Sampling for cortical column profile quantification: 
 In this study, a meta analysis of the data generated in chapters 2 – 5 (see Tables 3.1, 
4.1 and 5.1) using brain tissue from the three primate species examined earlier, namely olive 
baboon (Papio anubis), vervet monkey (Cercopithecus aethiops) and common chimpanzee 
(Pan troglodytes) was undertaken.  
8.2.2 Cortical thickness measurements: 
 Cortical layer thickness was measured (using the Image J computer program) 
spanning the entire six layer column depth in nine (9) 14 µm Nissl stained section 
microphotographs (photographed at 40x magnification, as previously described in chapter 2) 
in nine cortical areas of each species considered in this study. Nissl stained slides were used 
since these clearly showed and defined cortical layer boundaries. Average cortical layer 
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depths were calculated from these measurements and thereafter, products of the average 
cortical layer depth and average number of counts from a 100 µm column of cortex (divided 
by 100 to give a count per micrometer of cortical depth) sampled in the earlier studies (see 
tables 3.1, 4.1 and 5.1 in chapters 3, 4 and 5) were generated for each stain (i.e. Nissl, myelin, 
MAP-2 and GFAP). These cortical layer depth products were then summed up to get an 
average for a 100 µm wide cortical column for each stain in all 54 cortical areas studied (18 
per species).  
8.2.3 Sum of products of cortical column to average column depth index calculation: 
As cortical depth varied between areas within species and between species, a 
correction for this variation was introduced into the analysis. Using the average depth of 
cortex from each cortical area, and the average count of a column from each cortical area, an 
index, correcting for differences in cortical depth, was calculated for each stain in each 
cortical area. Non-parametric statistical analysis were performed on the data generated to see 
whether there was reliable statistical significance levels in the trends emerging from the 
comparisons.  
8.2.4 Data analysis and comparison: 
The data generated was analyzed in several ways: 
1. Individual animals of a species averages for the same stain across areas comparison. 
In this analysis a direct comparison of the cortical column average counts for each 
stain in individual animals was undertaken. This allowed for determination of whether 
or not the volume fraction of the neuropil profiles in the cortical columns varied in a 
systematic way between all individuals across all the cortical areas in the different 
stains.  
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2. Species averages across areas for the same stain comparison. In this comparison, 
average column counts from each area for each stain were pooled to get a species 
mean for each 100 µm wide cortical column. This would allow determination of 
species level variations in cortical column volume fractions for each stain. 
3. Species averages across cortex comparisons. This analysis entailed pooling all the 
column averages of the same stain for the 18 cortical areas within a species. This 
allowed for determination of whether there were trends in cortical column volume 
fractions in each stain irrespective of the areas thereby providing a cortex-wide 
comparison. 
4. Species averages index across areas comparison. In this comparison, all the species 
average indexes for similar cortical columns for the same stain in similar areas of 
individuals of a species were pooled. This allowed for the determination of whether 
there were species specific cortical column index trends across all areas. 
5. Species averages index comparisons across cortex. In this comparison, all average 
column indexes for each stain in similar cortical areas of every species were 
combined. This allowed for determination of whether or not there were trends in each 
stain irrespective of areas thereby providing a species-level cortex-wide comparison.  
6. Species indexes vs brain mass. In this analysis, species brain masses were compared 
to average indexes for each stain. Brain mass was plotted against stain average 
indexes for each stain and regression analysis undertaken to determine existence of 
any relationships. Trend lines were fit to the data using Excel to derive linear 
equations describing the relationships.  
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8.3 Results: 
The current study provides a second meta-analysis of the data generated from studies of the 
baboon, vervet monkey and common chimpanzee, with a view to determine if the proportions 
of the components of the neuropil in cortical columns change in various cortical areas across 
the cortical mantle of the three species studied and if predictable changes emerge in the 
proportion of the components of the neuropil in cortical columns with changes in brain mass.  
8.3.1 Individual animals of a species averages for the same stain across areas 
comparison: 
In this comparison, the counts for a 100 µm wide cortical column for each stain in 
each area from all six animals studied were compared. In this comparison there were no clear 
trends emerging for the data generated for the Nissl, myelin and MAP-2 stains that were not 
noted in the previous studies (see Chapters 3-7); however, it did appear that in many cases, 
the trend for increasing amounts of glia with increasing brain mass was evident in the visual 
cortical areas (Figure 8.1).  
8.3.2 Species averages across areas comparison: 
For this comparison, the counts of the 100 µm wide cortical columns for each cortical 
area were averaged within a species and compared. In this case, two trends became apparent. 
Comparisons for the Nissl staining showed that cortical column counts drop with the vervet 
having the highest followed by the baboon, while the chimpanzee had the lowest. This 
comparison also showed that the vervet has less glia than the baboon and chimpanzee. In 
contrast, both the myelin and MAP-2 stains showed no clear trends (Figure 8.2). 
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8.3.3 Species averages across cortex comparisons: 
In this comparison, the data from all cortical areas within a species for a given stain 
were pooled and averaged and then compared across species. This comparison revealed a 
repeat of the trends described above for the Nissl and GFAP stain, but were clearer than in 
the area comparisons (Figure 8.3). Again, no clear trend was discernable for the myelin and 
MAP-2 stains. 
8.3.4 Species indexes averages across areas comparison: 
 As cortical thickness varies in the different areas and species considered in this study, 
use of an index to correct for differences was used to determine whether when corrected for 
cortical thickness, additional trends to those described above would emerge from the data. 
Within species the indexes revealed a great deal of similarity across the cortical areas such 
that for the most part, no clear trends were discernable for all four stains (one exception being 
the high indexed counts for Nissl in area 17 of the vervet monkey and baboon) (Figure 8.4). 
In contrast, when comparing across species trends were more evident. Nissl staining 
comparisons for species index averages in the cortical column showed a drop in species index 
averages with the vervet having the highest followed by the baboon, and the chimpanzee with 
the lowest. The myelin staining comparisons show a slight decrease in the species index 
averages for large axons in the cortical column neuropil in vervet and baboon and 
chimpanzee respectively. For MAP-2, there is a decrease in species index averages for 
dendrites in the neuropil of the cortical columns with the vervet having the highest amounts 
followed by the baboon and the chimpanzee with the lowest species index averages. Lastly, 
for GFAP, a trend is not explicitly evident, but the vervet monkeys have less glia than both 
the baboons and chimpanzees. 
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8.3.5 Species indexes averages across cortex comparisons: 
In these comparisons, the data was averaged across cortical areas for each species and 
each stain and compared.  In this case the trends mentioned above for Nissl, myelin and 
MAP-2 become even more apparent, but that for GFAP is still unclear (Figure 8.5). Given the 
clarity in these trends with this pooling of data corrected for cortical thickness, the question 
of whether there is a predictable correlation with brain mass is raised. 
8.3.6 Species indexes Vs brain mass comparisons: 
In this comparison, the species index average for a cortical column for each stain was 
compared to brain mass to determine whether there is a correlation between brain mass and 
the observed trends (Figure 8.6). There is a strong statistically significant correlation between 
brain mass and average index for the Nissl stain such that there is a predictable decrease in 
the amount of Nissl+ structures in the cortical column with increased brain mass. A strong 
statistically significant correlation between brain mass and average myelin index was also 
seen, demonstrating that in the larger brain there is a predictable decrease in the amount of 
myelin within a cortical column. For MAP-2+ structures within the cortical column a strong 
statistically significant correlation between brain mass and average index was observed, 
describing a predictable decrease in dendritic number in the cortical column associated with 
an increase in brain mass. Lastly, no clear correlation between brain mass and average GFAP 
index for the cortical column was observed, meaning that there is no predictable correlation 
between brain mass and the amount of glia in a cortical column. 
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Figure 8.1. Bar graphs illustrating a direct comparison of the cortical column average counts 
for each stain in individual animals. Note that counts for 100 µm wide cortical column for 
each stain in each area from all six animals studied provided no clear emerging trends for the 
Nissl, myelin and MAP-2 stains that were not noted in the previous studies. Note, however, 
that in many cases, there is a trend for increasing amounts of glia with increasing brain mass 
in the visual cortical areas. 
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Figure 8.2. Bar graphs illustrating species average column counts from each area for each 
stain, allowing visualization of species level variations in cortical column volume fractions 
for each stain visualization. Note that two trends became apparent. Nissl staining shows a 
drop in cortical column counts with the vervet having the highest followed by the baboon, 
then the chimpanzee with the lowest while the other reveals that vervet has less glia than the 
baboon and the chimpanzee has the greatest amount of glia in its cortical column neuropil. 
Both myelin and MAP-2 stains show no clear trends. 
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Figure 8.3. Bar graphs illustrating combined column averages of the same stain for the 18 
cortical areas within a species allowing appreciation of trends in cortical column volume 
fractions in each stain irrespective of the areas thereby providing a cortex-wide comparison. 
Note the clearer trends where Nissl staining shows a drop in cortical column counts with the 
vervet having the highest followed by the baboon, then the chimpanzee with the lowest, while 
glia is lower in the vervet than the baboon and the chimpanzee has the greatest amount in its 
cortical column neuropil.  No clear trends are discernable for the myelin and MAP-2 stains. 
 
. 
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Figure 8.4. Bar graphs illustrating all the species average indexes for similar cortical columns 
for the same stain in homologous areas of a species allowing visualization of species specific 
cortical column index trends across all areas. Note that more clear trends emerge when 
averages are corrected for differences in cortical thickness. Nissl staining shows a drop in 
species index averages with the vervet having the highest followed by the baboon, and the 
chimpanzee with the lowest. The myelin staining comparisons show a slight decrease in large 
axons in the cortical column neuropil in vervet, baboon and chimpanzee respectively. MAP-
2, shows a decrease in species index averages for dendrites in the neuropil of the cortical 
columns with the vervet having the highest amounts followed by the baboon and the 
chimpanzee with the lowest. No explicit  trend is evident for GFAP, but vervet monkeys have 
less glia than both the baboons and chimpanzees. 
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Figure 8.5. Bar graphs illustrating combined average column indexes for each stain of each 
species allowing for visualization of trends irrespective of areas, thereby providing a species-
level cortex-wide comparison. Note that the trends become more apparent in this comparison. 
Nissl staining shows a clear drop in species index averages with the vervet having the highest 
followed by the baboon, and the chimpanzee with the lowest. Myelin staining comparisons 
show a clear decrease in large axons in the cortical column neuropil in vervet, baboon and 
chimpanzee respectively. MAP-2 shows a very clear decrease in species index averages for 
dendrites in the neuropil of the cortical columns with the vervet having the highest amounts 
followed by the baboon and the chimpanzee with the lowest. No GFAP trend is observed, 
although vervet monkeys have less glia than both the baboons and chimpanzees. 
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Figure 8.6. Graphs comparing plots of brain mass against average indexes for each stain for 
each species. Trend lines of linear regressions provide equations describing the relationships 
between brain mass  and average indexes for each stain in the cortical columns. Note the 
strong statistically significant correlation between brain mass and average index for the Nissl, 
myelin  and MAP-2 stains, confirming that larger brains have predictably lower amounts of 
structures positive for these stains in the cortical columns. No clear correlation between brain 
mass and average GFAP index for the cortical column is observed. 
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8.4 Discussion: 
A second meta-analysis of the data generated using brain tissue from three primate 
species examined earlier, namely olive baboon (Papio anubis), vervet monkey 
(Cercopithecus aethiops) and common chimpanzee (Pan troglodytes) aimed to determine if 
the proportions of the components of the neuropil in cortical columns change in the various 
cortical areas across the cortical mantle and if predictable changes emerge in the proportion 
of the components of the neuropil in cortical columns with changes in brain mass. This was 
achieved through calculating a count for each column from the data, and by correcting for 
differences in cortical thickness by calculating an index. The analysis revealed that the 
cortical column neuropil fractions of the cerebral cortex, large myelinated axons and 
dendrites varied predictably with brain mass, while glial fraction of the neuropil in the 
cortical columns did not show any predictable correlation with changes in brain mass; 
however the larger brained baboon and common chimpanzee had more glia per cortical 
column neuropil than the vervet monkey. 
 
8.4.1 Neuropil fraction of the cortical column in the cerebral cortex increases 
predictably with increasing brain mass: 
The neuropil fraction of the cerebral cortex in the cortical column, as revealed by 
Nissl staining, increased predictably with increasing brain mass, a finding that is in line with, 
for example, those of Rockel, et al. (1980). It is observed that every time brain size doubles, 
the cellular fraction of the cerebral cortex in the cortical column drops to approximately 75% 
of the original. This would mean that as each time brain mass doubles, there is a significant 
increase in neuropil fraction of the cerebral cortex. 
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8.4.2 Axonal fraction of the neuropil in the corical columns decreases slightly with 
increased brain mass: 
The fraction of neuropil that is large axons in the cortical column, as determined by 
myelin staining, showed a slight decrease with increase in brain mass. These findings are in 
contrast with Miller’s (1994) thoughts that there are more axons in larger brains. We note 
from these analysis that every time brain size doubles, with the volume fraction of the 
neuropil that is myelin decreases to 97% of the original amount, meaning for every doubling 
of the brain mass, myelin volume fraction decreases by 3%. 
 
8.4.3 Dendritic fraction of neuropil in cortical columns decreases predictably with 
increasing brain mass: 
  The fraction of neuropil that is dendrites in the cortical column, as revealed by MAP-
2 immunostaining, decreases predictably with changes in brain mass. This finding seems to 
counter those by Elston et al. (2005, a,b,c,d,e,f,g), which showed that bigger brains have 
neurons with more complex dendritic arbors. This decrease in per unit volume of dendrites 
indicates that the dendritic fraction of the neuropil in the cortical column will be smaller in 
larger brains and this difference, however small, may play a profound role in the per unit 
volume processing capacity of the neuropil. From this analysis, it became apparent that every 
doubling in brain mass results in a dendritic volume fraction that is 90% of the original 
amount, meaning when brain mass doubles, the volume fraction of MAP-2+ structures, or 
dendrites, in the cortex decreases by 10%.  
 
8.4.4 Glial fraction of the neuropil in the cortical column: 
The fraction of neuropil thought to be astrocytes and their processes in the cortical 
column, as revealed with GFAP immunohistochemistry does not appear to show any 
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correlation with changes in brain mass; however, the smaller brained vervet monkey seems to 
have lower fractions of glia per unit volume of the cortical neuropil in their columns 
compared to baboon and chimpanzee. This finding is in agreement with Sherwood et al. 
(2006), who examined glial cell numbers in layers II/III of anthropoids and arrived at a 
similar conclusion. From this meta-analysis, it emerged that every time brain mass doubles, 
the amount of glia increases roughly 1.3 times, meaning there is a 30% increase in the 
volume fraction of neuropil that is glia with every doubling in brain mass, although this was 
not a statistically significant find in the current study and further work would need to be 
undertaken to determine if this really is the case. 
  
8.4.5 Implications of the changes of neuropil composition with brain mass: 
In the second meta-analysis, some specific changes of interest to our understanding of 
the neuropil both from the functional and evolutionary point of view with changes in brain 
mass emerge. We have been able to show that an increase in brain mass appears to affect the 
neuropil in the cortical columns in the following ways: as brain mass increases (a) the 
neuropil fraction of the cerebral cortex increases; (b) the axonal fraction of the neuropil 
shows a slight decrease; (c) the dendritic fraction of the neuropil shows a clear decrease; and 
(d) the glial fraction of the neuropil shows no clear correlation with brain mass. Findings (a) 
confirm results and conclusions of previous studies, such as that by Rockel et al. (1980), 
while trends (b) and (c) are novel findings and specifically relate to wire fraction of the 
neuropil and are bound to have important theoretical, functional and evolutionary 
implications such as wire optimization, connectivity and complex behavioural attributes 
associated with larger brain sizes in the course of primate evolution. 
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8.4.6 Implications for wiring optimization: 
This second meta-analysis demonstrates clear wire fraction variation in all the cortical 
columns in the cerebral cortex and that the composition of the wire fraction of the cortical 
column neuropil (axons and dendrites) shows predictable changes with changes in brain 
mass. This contrasts with the concept of wire fraction optimization as proposed by Chklovskii 
et al. (2002), although this meta-analysis cannot allow a direct comparison with the actual 
values determined by Chklovskii et al. (2002). However, it demonstrates that whenever 
wiring optimization is considered across species, absolute brain mass must be integrated as an 
important factor. Since the generalization by Chklovskii et al. (2002) does not apply to all 
mammalian brains, this second analysis further suggests the importance of determining the 
actual wire fraction of the neuropil across a range of mammalian species, as this may be a 
stronger indicator of computational efficiency and robusticity of the different cerebral 
cortices of the different species. 
 
8.4.7 Functional Implications: 
It has been clearly demonstrated from this meta-analysis that an increase in neuropil 
fraction of the cortical column in the cerebral cortex, both per unit volume and as an absolute 
volume, is strongly correlated with increases in brain mass, larger brains have more wire than 
smaller brains. In contras it would be logical to think that on an equivalency basis, the 
neuropil within the cortical column of a smaller brain would be likely to be more strongly 
connected because it has more wire than larger brains (larger brains have lower volume 
fractions of dendrites and axons); however, the larger absolute amount of neuropil in larger 
brains, is likely to mitigate the potentially negative impact of this potentially lower 
connectivity with their neuropil. Further, the larger dendritic arbor complexity in larger brains 
(Elston, et al., 2005 a,b,c,d,e,f,g) may lead to greater complexity of information processing, 
 237 
possibly also mitigating against the negative impact of a lower per unit wire fractions of the 
neuropil. From these observations, it would follow that the absolute amount of wire available 
for computational activities within the cerebral cortex will be significantly larger in larger 
brains. This may be a substrate for greater behavioural complexity observed in larger brained 
primates (Deaner et al., 2007). 
 
8.4.8 Evolutionary Implications: 
The observations in this second meta-analysis and other previous studies suggest that 
structural laws of form, allometric and other forms of scaling (e.g. Finlay and Darlington, 
1995), along with phylogenetic constraints, are the most prevalent factors underlying changes 
in neuroanatomy (and consequently neurophysiology and behaviour). It would be more 
parsimonious to think that evolutionary pressures acting upon body mass, to which brain 
mass is strongly correlated (Jerison, 1973), would lead to increases in brain mass and the 
associated internal structural changes that would lead to changes in behaviour. Sadly, the 
viewpoint advanced by studies in evolutionary psychology have pushed much of the current 
thinking towards adaptive explanations for changes in behaviour of animals of different brain 
sizes, and often implicate behaviour as the driving force behind evolution of changes, mostly 
increases, in brain size (e.g. Shultz and Dunbar, 2010). 
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CHAPTER 9 
In this study, a new method was developed to answer the specific question of whether 
the wire fraction of the neuropil in primates is consistent and if the constituents of the 
neuropil regarded as wire and the non-wire portion are balanced in a certain way for optimal 
wiring and cortical function. This method allowed the generation of partial answers to these 
questions, but like all methods, it has its limitations, the most pertinent of which is that we 
could not generate actual numbers to test whether the conclusion reached by Chklovskii et al. 
(2002) was applicable to primates, as electron microscopy would be required to provide 
comparable data. Despite this, one of the advantages of this method was that we could sample 
cortical tissue extensively, and the results obtained were well suited to provide answers to the 
questions posed during the study. 
The central specific questions asked during the study were: is the neuropil a static 
optimally wired entity as proposed by Chklovskii et al. (2002), or are there variants on this 
basis evident in larger brains? The short answer to these questions are no, the proportions of 
the neuropil are not static, and yes, there are variants that appear to be predictably related to 
brain mass.  
 
9.1 Findings: 
The central finding of the present series of studies was the demonstration that the 
fraction of cortex that is neuropil, and the fractions of neuropil that are large axons, dendrites 
and glia vary greatly across layers, but remained consistent across areas and between species 
when similar layers were compared. These fractions were also seen to vary predictably with 
brain mass such that larger brains have a lower per unit volume wire fraction of the neuropil, 
whether looked at in individual layers or in cortical columns as a whole. 
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9.2 Neuropil fraction of the cerebral cortex: 
The fraction of cortex that is neuropil demonstrated changes according to layer and 
areas such that the fraction of cortex that is neuropil in layer I across all areas within and 
between individuals of the same species, for all species, was found to be larger than layers II-
VI. In addition, area 17 of the visual cortex had higher cell density reflecting a smaller 
fraction of the cerebral cortex dedicated to neuropil. The fraction of the cerebral cortex that 
was neuropil was seen to increase in a predictable way with increasing brain mass when 
cross-species comparisons were undertaken.  Therefore, larger species have a greater per unit 
volume of cortex dedicated to neuropil, as well as a greater absolute amount of neuropil. 
 
9.3 Axonal fraction of the neuropil: 
In the three primates species studied, it became clear that the fraction of neuropil that 
is large axons varies greatly according to layer and area across the cerebral cortex, but this 
variation was found to be consistent within and between individual animals of the same 
species. A general finding was that layer II of all areas in all individuals had a lower fraction 
of neuropil dedicated to myelin/large axons and some areas such as the cingulate cortical 
areas showed a cross species consistently lower fraction of neuropil that was myelin.  A weak 
trend indicated that larger brains had less myelin than smaller brains per unit volume of the 
neuropil, Thus, larger brains may actually be less myelin dense than smaller brains, a finding 
contrary to popular belief. 
 
9.4 Dendritic fraction of the neuropil: 
It became apparent that the fraction of neuropil that is dendrites varied according to 
layer, with layer I having greater dendritic density than layer VI. Despite this, when 
comparing the same layers across the different areas of the cortical mantle within and 
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between individuals of the same species no differences were apparent. Interestingly, a strong 
trend towards decreasing density of the dendritic portion of the neuropil was noted as brain 
size increased.  Thus, per unit volume of the neuropil, larger brains have a lower density of 
dendrites within neuropil than smaller brains. 
 
9.5 Glial fraction of the neuropil: 
It was demonstrated that the fraction of neuropil presumed to be astrocytes and 
astrocytic processes varied according to layers such that in every cortical area in all the 
species examined, layers I and VI had the highest glial density, while the other layers had 
lower amounts of glia in the neuropil. When the same layers between areas, within and 
between individuals of the same species were compared, the proportion of neuropil that was 
glia was found to be similar.  When comparing across species, it was found that there was a 
weak trend for increased glial proportions of the neuropil with increased brain mass. Thus, 
larger brains have a larger per unit volume density of glia than smaller brains. 
 
9.6 Columnar analysis of the neuropil: 
 When proportions of the neuropil were analyzed in cortical columns, the fraction of 
cortex that is neuropil, the fraction of neuropil that is large axons and the fraction of neuropil 
that is dendrites varied predictably with brain mass. These trends were similar to what was 
observed in the layer analysis.  The fraction of neuropil that is astrocytes and astrocytic 
processes showed no clear correlation with brain mass, but the small brained vervet had 
lower amounts of glia in its cortical columns than the baboon and common chimpanzee, 
again showing a similar finding to that seen with the layer analysis.  
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9.7 Main conclusion: 
Given all the above observations in this study, it is apparent that the neuropil is not 
static as wiring “optimality” changes with layers and brain size and this has functional 
implications as it will effect both neuronal processing and behavioural outcomes. Based on 
the findings regarding wire and non-wire proportions of neuropil in the three primate species 
studied, it is clear that there are layer differences in components of the neuropil in 
homologous cortical areas and that there are also layer similarities between homologous areas 
in that a comparison of similar layers across areas within the same species reveals similarities 
in the proportion of components of the neuropil. However, changes in the proportions of the 
neuropil are correlated to brain mass such that an increased neuropil fraction of the cortex, 
decreased axonal fraction of neuropil, decreased dendritic fraction of neuropil and increased 
glial fraction of neuropil are all correlated to brain mass, whether you look at individual 
layers or cortical columns (Chapters 7 and 8). 
In terms of primate brain evolution, many studies have adopted a clear adaptive 
rationale to explain novel behaviours, which appears erroneous since adaptation will not 
always explain sufficiently the emergence of complex behaviours related to changes in brain 
size (Shultz and Dunbar, 2010). This adaptationist view of explaining increased behavioural 
complexity in large brained primates effectively masks efforts to look at structural 
organization of the components of the brain that may provide more accurate answers 
regarding the emergence of complex behavioural attributes in primates. 
 
9.8 The way forward: 
9.8.1 Electron microscopy and staining to reveal all glial cells: 
The neuropil is a complex entity and a lot of information can be generated on the 
structure of the brain at this level of organization. It is plausible to think that the actual wire 
 242 
fraction with changes in brain mass can be reliably quantified using electron microscopy. By 
undertaking such an investigation, it would be possible to reach at a conclusion on whether or 
not the proposed 3/5 consistency in the wire fraction of the neuropil is truly the case across 
mammals of different species (Chklovskii et al., 2002). In the current series of studies, we 
managed to reveal mostly astrocytes and their processes and in a few instances such as in the 
chimpanzee, some oligodendrocytes were also stained, but by using a wider range of glial 
specific immunostains, there are possibilities that all types of glia may be quantified, and this 
may augment the weak trend found of increased glia with increased brain size using only the 
GFAP stain.  
 
9.8.2 Wire fraction of the neuropil: 
The studies presented in this thesis have generated insights into the many possibilities 
and ways the wire fraction of the neuropil may be examined. For example, different types of 
axons could be examined, the balance of excitatory and inhibitory portions of the neuropil 
could be quantified, as well as the examination of synaptic densities in the neuropil. Some 
examples of future studies that may be of interest are provided here. 
9.8.2.1 Types of axons: 
Types of axons that form both specific and more generalized projections to the 
cerebral cortex will form part of the wire fraction of the neuropil and these may be quantified 
using specific stains for these axons. An example of a specifically projecting axonal type that 
is clearly related to rapid neuronal information processing are the thalamo-cortical axons. 
These axons are clearly revealed through immunostaining for VGlut2 (e.g Wong and Kaas, 
2010), and thus, the specific fraction of the neuropil occupied by thalamo-cortical axons 
could be revealed and quantified in different cortical areas and across species. A second type 
of axon found within the cerebral cortex are those that arise from nuclei not located in the 
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telencephalon, such as the cholinergic axons arising from the basal forebrain (e.g. Woolf, 
1991), the orexinergic neurons arising from the hypothalamus (e.g. Baldo et al., 2003) and 
the serotonergic axons arising from the dorsal raphe (e.g. Leger et al., 2001). These types of 
inputs are not related to rapid online processing, and thus may not be directly involved in the 
service of cognitive behaviours, but they do play an important role in the overall state of the 
cerebral cortex, by changing states associated with levels of vigilance, alertness and the 
sleep-wake cycle (e.g Siegel, 2004). Would trends associated with brain mass and different 
areas of the cerebral cortex be found with this portion of the axonal wire fraction of the 
cerebral cortex?  
9.8.2.2 Excitatory vs inhibitory balance: 
Neuronal information processing relies heavily upon a balance between inhibitory and 
excitatory actions achieved by GABAergic and glutamatergic neurons, the dendritic and 
axonal portions of which can be quantified as part of the wire fraction of the neuropil. For 
examples, the dendrites and axons that form the inhibitory portions of the neuropil can be 
revealed by immunostaining for parvalbumin, calbindin and calretinin (Hof and Sherwood, 
2005; Sherwood, et al., 2010a), while excitatory dendrites and axons could be revealed using 
immunostaining for glutamate (e.g Conti et al., 1988).  Would the proportions of these 
components of neuropil change within the cortical mantle, between individuals of the same 
species and with changes in brain mass? 
9.8.2.3 Synaptic densities: 
Synapses, which are the junctions for neuron-neuron communication, are perhaps the 
integral structure of importance in the neuropil. Quantifying synaptic density in the neuropil 
has the potential to accumulate knowledge regarding synaptic density changes, if any, and 
what this may mean in terms of optimal cortical functionality. Synapses can be specifically 
revealed with synaptophysin immunostaining such that the density of synapses that form part 
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of the wire fraction of neuropil can be quantified (Sherwood et al., 2010b). While it is 
commonly thought that synaptic density is stable across species and across areas of the 
cerebral cortex, this has not been tested sufficiently.  The results of the current study strongly 
suggest that changes will be present, and thus makes it of interest to test for potential 
changes. 
 
There are clearly numerous ways in which the organization of the neuropil could be 
investigated in future studies. Such additional studies could only lead to augment our 
understanding of the brain and the behavioural differences exhibited by mammals of varying 
brain sizes. These studies can lead to an understanding of the evolution of the organizational 
principles of the neuropil, underscoring functional implications of potential changes, and 
allow us to move away from the adaptationist viewpoint that has little explanatory value. 
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Appendix A Table 1. Statistical tables showing significant differences and similarities 
obtained when examining cortical layers in the same cortical areas of the same animals 
for all areas examined and all the stains.  All significant differences are indicated with an 
S. 
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Nissl Staining 
Area 17 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - - S  S 
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 18 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -   S S 
1 III - - -    
1 IV - - - - S S 
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area V4 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - - S  
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S  S 
2 II - -     
2 III - - -  S  
2 IV - - - - S  
2 V - - - - -  
2 VI - - - - - - 
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Area 10 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 4 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S -   
1 II - -  -   
1 III - - - -   
1 IV - - - - - - 
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S  - S  
2 II - -  -   
2 III - - - -   
2 IV - - - - - - 
2 V - - - - -  
2 VI - - - - - - 
 
Area 3b 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S  S  
1 II - -     
1 III - - -   S 
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 1 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S   
2 II - -    S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 24 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S  S  
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 23 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S  S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S  
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Myelin Staining 
Area 17 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S     
1 II - - S S S S 
1 III - - -    
1 IV - - - - S  
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S  S   
2 II - - S S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 18 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S     
1 II - - S S S S 
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area V4 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -    S S 
1 II - -  S S S 
1 III - - -  S  
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S     
2 II - - S S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 10 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -  S S S 
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S S S S 
2 II - - S S S S 
2 III - - -   S 
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 4 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -   -   
1 II - -  - S  
1 III - - - -   
1 IV - - - - - - 
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S - S S 
2 II - - S - S S 
2 III - - - -   
2 IV - - - - - - 
2 V - - - - -  
2 VI - - - - - - 
 
Area 3b 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - - S S S S 
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S S S S 
2 II - - S S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 1 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -   S S S 
1 II - -  S S S 
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - - S S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 24 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -   S S S 
1 II - - S S S S 
1 III - - - S S S 
1 IV - - - -  S 
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -   S S S 
2 II - -  S S S 
2 III - - - S S S 
2 IV - - - - S S 
2 V - - - - - S 
2 VI - - - - - - 
 
Area 23 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - - S S S S 
1 III - - - S S S 
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S   S S 
2 II - -  S S S 
2 III - - - S S S 
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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MAP-2 Staining 
Area 17 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S  
1 II - -  S   
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -    S  
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 18 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - -   S  
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -   S S S 
2 II - -  S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area V4 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 10 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 4 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -   - S S 
1 II - -  - S S 
1 III - - - -   
1 IV - - - - - - 
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -   -   
2 II - -  -   
2 III - - - -   
2 IV - - - - - - 
2 V - - - - -  
2 VI - - - - - - 
 
Area 3b 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -   S  S 
1 II - -    S 
1 III - - -   S 
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 1 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -   S S S 
1 II - -    S 
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 24 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -   S S S 
2 II - -  S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 23 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -     S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -    S  
2 II - -   S  
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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GFAP Staining 
Area 17 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -   S 
1 IV - - - -  S 
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - - S S   
2 III - - -   S 
2 IV - - - -  S 
2 V - - - - - S 
2 VI - - - - - - 
 
Area 18 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -  S   
2 III - - -   S 
2 IV - - - -  S 
2 V - - - - - S 
2 VI - - - - - - 
 
Area V4 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -    S 
2 III - - -   S 
2 IV - - - -  S 
2 V - - - - - S 
2 VI - - - - - - 
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Area 10 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S  
1 II - -    S 
1 III - - -  S S 
1 IV - - - - S S 
1 V - - - - - S 
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - - S S S S 
2 III - - -   S 
2 IV - - - -  S 
2 V - - - - - S 
2 VI - - - - - - 
 
Area 4 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S - S S 
1 II - -  - S S 
1 III - - - -   
1 IV - - - - - - 
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S - S S 
2 II - - S - S S 
2 III - - - -   
2 IV - - - - - - 
2 V - - - - -  
2 VI - - - - - - 
 
Area 3b 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -  S S S 
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - - S S   
2 III - - -   S 
2 IV - - - -  S 
2 V - - - - - S 
2 VI - - - - - - 
 
 
 
  268 
 
 
Area 1 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - - S S   
1 III - - -   S 
1 IV - - - -  S 
1 V - - - - -  
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S  
2 II - -    S 
2 III - - -  S S 
2 IV - - - - S S 
2 V - - - - - S 
2 VI - - - - - - 
 
Area 24 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -    S 
1 III - - -   S 
1 IV - - - -  S 
1 V - - - - - S 
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - - S S S  
2 III - - -   S 
2 IV - - - -  S 
2 V - - - - - S 
2 VI - - - - - - 
 
Area 23 
Baboon  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -   S 
1 IV - - - -  S 
1 V - - - - - S 
1 VI - - - - - - 
        
Baboon  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - - S S S  
2 III - - -    
2 IV - - - -  S 
2 V - - - - -  
2 VI - - - - - - 
 
 
  269 
 
 
 
 
 
Appendix A Table 2. Statistical tables showing significant differences and similarities in 
profile counts obtained when examining the same layers across cortical areas in the same or a 
different animal for all cortical areas examined for all stains. All significant differences are 
indicated with an S. 
 
  270 
Nissl Staining 
LAYER I 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                  
1 18 - -                 
1 V4 - - -                
1 10 - - - -               
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER II 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -   S S S S S S  S S S S S S S S 
1 18 - -  S S S S S S  S S S S S S S S 
1 V4 - - - S S   S S  S S  S S S S S 
1 10 - - - -      S      S   
1 4 - - - - -     S         
1 3b - - - - - -    S         
1 1 - - - - - - -   S       S  
1 24 - - - - - - - -  S         
1 23 - - - - - - - - - S         
2 17 - - - - - - - - - - S S S S S S S S 
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  271 
 
LAYER III 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -   S S  S S S  S  S S S S S S 
1 18 - -   S     S    S   S  
1 V4 - - -  S  S S S  S  S S S S S S 
1 10 - - - -      S    S     
1 4 - - - - -     S         
1 3b - - - - - -    S    S     
1 1 - - - - - - -   S         
1 24 - - - - - - - -  S         
1 23 - - - - - - - - - S S S       
2 17 - - - - - - - - - -   S S S S S S 
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -  S     
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER IV 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -   S - S S S S  S S S - S S S S 
1 18 - -  S - S S S S  S S S - S S S S 
1 V4 - - - S - S S S S  S S S - S S S S 
1 10 - - - - -         -   S S 
1 4 - - - - - - - - - - - - - - - - - - 
1 3b - - - - - -    S    -     
1 1 - - - - - - -       -   S  
1 24 - - - - - - - -  S    -     
1 23 - - - - - - - - - S    -     
2 17 - - - - - - - - - -    -  S S S 
2 18 - - - - - - - - - - -   - S  S  
2 V4 - - - - - - - - - - - -  -   S  
2 10 - - - - - - - - - - - - - -     
2 4 - - - - - - - - - - - - - - - - - - 
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  272 
 
LAYER V 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -    S  S  S  S S  S S S  S 
1 18 - -   S              
1 V4 - - -  S  S  S  S S  S S S  S 
1 10 - - - - S  S  S  S S  S S S  S 
1 4 - - - - -     S   S      
1 3b - - - - - -    S         
1 1 - - - - - - -   S         
1 24 - - - - - - - -  S         
1 23 - - - - - - - - - S         
2 17 - - - - - - - - - - S S  S S S S S 
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER VI 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 - S    S S S S  S S S S S S S S 
1 18 - -              S   
1 V4 - - -  S S S S S  S S S S S S S S 
1 10 - - - - S S  S   S   S S S S S 
1 4 - - - - -     S         
1 3b - - - - - -    S         
1 1 - - - - - - -   S         
1 24 - - - - - - - -  S         
1 23 - - - - - - - - - S         
2 17 - - - - - - - - - - S S S S S S S S 
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
  
  273 
Myelin Staining 
LAYER I 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -  S S  S S S S    S S S  S S 
1 18 - - S S  S S S S S   S S S  S S 
1 V4 - - - S S  S S S S S S S   S S  
1 10 - - - - S S S S  S S S S S  S  S 
1 4 - - - - - S S S S    S S S  S S 
1 3b - - - - - -  S S  S  S  S  S  
1 1 - - - - - - - S S    S  S  S S 
1 24 - - - - - - - - S S S S  S S S S S 
1 23 - - - - - - - - - S S S  S S S  S 
2 17 - - - - - - - - - -   S  S  S S 
2 18 - - - - - - - - - - -  S S S  S S 
2 V4 - - - - - - - - - - - - S S S  S S 
2 10 - - - - - - - - - - - - -     S 
2 4 - - - - - - - - - - - - - -   S  
2 3b - - - - - - - - - - - - - - - S S  
2 1 - - - - - - - - - - - - - - - - S S 
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER II 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 - S   S S S S S  S S S   S S  
1 18 - - S S    S S    S  S S S S 
1 V4 - - -  S S S S S  S  S   S S  
1 10 - - - - S S S S S  S  S   S S  
1 4 - - - - -   S S S  S S S S  S S 
1 3b - - - - - -  S S    S  S  S S 
1 1 - - - - - - - S S S   S S S  S S 
1 24 - - - - - - - -  S S S S S S S S S 
1 23 - - - - - - - - - S S S  S S S  S 
2 17 - - - - - - - - - - S  S   S S  
2 18 - - - - - - - - - - - S S S S  S S 
2 V4 - - - - - - - - - - - - S    S S 
2 10 - - - - - - - - - - - - - S S S  S 
2 4 - - - - - - - - - - - - - -  S S  
2 3b - - - - - - - - - - - - - - - S S  
2 1 - - - - - - - - - - - - - - - - S S 
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  274 
 
LAYER III 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -  S S    S S    S    S S 
1 18 - - S S    S S    S    S S 
1 V4 - - -  S S S S S S S S S S S S S  
1 10 - - - - S S S S S S S S S S S S S  
1 4 - - - - -   S S    S    S S 
1 3b - - - - - -  S S    S    S S 
1 1 - - - - - - - S S    S    S S 
1 24 - - - - - - - - S S S S S S S S  S 
1 23 - - - - - - - - - S S S  S S S S  
2 17 - - - - - - - - - -   S    S S 
2 18 - - - - - - - - - - -  S    S S 
2 V4 - - - - - - - - - - - - S    S S 
2 10 - - - - - - - - - - - - - S S S S  
2 4 - - - - - - - - - - - - - -   S S 
2 3b - - - - - - - - - - - - - - -  S S 
2 1 - - - - - - - - - - - - - - - - S S 
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER IV 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -  S S -   S S    S -   S S 
1 18 - -  S -   S S    S -   S S 
1 V4 - - -  - S S   S S S S - S S S  
1 10 - - - - - S S   S  S S -  S S  
1 4 - - - - - - - - - - - - - - - - - - 
1 3b - - - - - -  S S    S -   S S 
1 1 - - - - - - - S S    S -    S 
1 24 - - - - - - - -  S S S  - S S S  
1 23 - - - - - - - - - S  S S -  S S  
2 17 - - - - - - - - - -   S -   S S 
2 18 - - - - - - - - - - -  S -   S S 
2 V4 - - - - - - - - - - - - S -   S S 
2 10 - - - - - - - - - - - - - - S S  S 
2 4 - - - - - - - - - - - - - - - - - - 
2 3b - - - - - - - - - - - - - - -  S S 
2 1 - - - - - - - - - - - - - - - - S S 
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  275 
 
LAYER V 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 - S   S        S      
1 18 - - S S    S S S   S    S S 
1 V4 - - -  S S       S      
1 10 - - - - S S S    S S  S S S   
1 4 - - - - -   S S S   S    S S 
1 3b - - - - - -  S S S   S    S S 
1 1 - - - - - - -  S S   S    S S 
1 24 - - - - - - - -     S      
1 23 - - - - - - - - -  S S  S S S   
2 17 - - - - - - - - - -   S   S   
2 18 - - - - - - - - - - -  S    S  
2 V4 - - - - - - - - - - - - S    S S 
2 10 - - - - - - - - - - - - - S S S   
2 4 - - - - - - - - - - - - - -   S  
2 3b - - - - - - - - - - - - - - -  S  
2 1 - - - - - - - - - - - - - - - - S S 
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER VI 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -  S S         S      
1 18 - -  S     S S   S      
1 V4 - - -  S  S    S S  S  S   
1 10 - - - - S S S     S    S   
1 4 - - - - -    S    S      
1 3b - - - - - -   S    S      
1 1 - - - - - - -      S      
1 24 - - - - - - - -     S      
1 23 - - - - - - - - -   S       
2 17 - - - - - - - - - -   S      
2 18 - - - - - - - - - - -  S      
2 V4 - - - - - - - - - - - - S      
2 10 - - - - - - - - - - - - - S S S S S 
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
  
  276 
MAP-2 Staining 
LAYER I 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                 S 
1 18 - -      S           
1 V4 - - -     S           
1 10 - - - -              S 
1 4 - - - - -   S           
1 3b - - - - - -             
1 1 - - - - - - - S           
1 24 - - - - - - - - S       S S S 
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -       S 
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -     S 
2 4 - - - - - - - - - - - - - -    S 
2 3b - - - - - - - - - - - - - - -   S 
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER II 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -    S            S S 
1 18 - -                S 
1 V4 - - -                
1 10 - - - -               
1 4 - - - - -   S           
1 3b - - - - - -            S 
1 1 - - - - - - -            
1 24 - - - - - - - -          S 
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -        S 
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -     S 
2 4 - - - - - - - - - - - - - -    S 
2 3b - - - - - - - - - - - - - - -   S 
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  277 
 
LAYER III 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -  S S S  S          S S 
1 18 - - S S S  S           S 
1 V4 - - -     S           
1 10 - - - -               
1 4 - - - - -              
1 3b - - - - - -            S 
1 1 - - - - - - -            
1 24 - - - - - - - -          S 
1 23 - - - - - - - - -         S 
2 17 - - - - - - - - - -        S 
2 18 - - - - - - - - - - -       S 
2 V4 - - - - - - - - - - - -      S 
2 10 - - - - - - - - - - - - -     S 
2 4 - - - - - - - - - - - - - -    S 
2 3b - - - - - - - - - - - - - - -   S 
2 1 - - - - - - - - - - - - - - - -  S 
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER IV 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -  S S -  S  S S  S S - S S S S 
1 18 - - S  -         -    S 
1 V4 - - -  - S     S   -     
1 10 - - - - -      S   -     
1 4 - - - - - - - - - - - - - - - - - - 
1 3b - - - - - -        -    S 
1 1 - - - - - - -    S   -     
1 24 - - - - - - - -      -    S 
1 23 - - - - - - - - -  S   -     
2 17 - - - - - - - - - -    -     
2 18 - - - - - - - - - - -  S - S S  S 
2 V4 - - - - - - - - - - - -  -     
2 10 - - - - - - - - - - - - - -     
2 4 - - - - - - - - - - - - - - - - - - 
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  278 
 
LAYER V 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -  S S   S  S   S S     S 
1 18 - - S    S  S   S S S S   S 
1 V4 - - -   S  S   S        
1 10 - - - -  S     S        
1 4 - - - - -              
1 3b - - - - - - S  S   S S     S 
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -  S        
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -       S 
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -     S 
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER VI 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -     S             
1 18 - - S S      S  S S     S 
1 V4 - - -   S             
1 10 - - - -  S             
1 4 - - - - - S             
1 3b - - - - - - S  S S  S S S  S S S 
1 1 - - - - - - -            
1 24 - - - - - - - -    S S     S 
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - - S      S 
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -   S 
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
  
  279 
GFAP Staining 
LAYER I 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -    S   S  S   S    S S 
1 18 - -   S   S S S   S  S  S S 
1 V4 - - -  S   S     S    S S 
1 10 - - - -         S      
1 4 - - - - -       S S      
1 3b - - - - - -       S      
1 1 - - - - - - -      S      
1 24 - - - - - - - -    S S      
1 23 - - - - - - - - -    S      
2 17 - - - - - - - - - -  S S      
2 18 - - - - - - - - - - -  S      
2 V4 - - - - - - - - - - - - S    S S 
2 10 - - - - - - - - - - - - - S S S S S 
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER II 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -            S    S  
1 18 - -    S S      S S S  S S 
1 V4 - - -   S S      S S S  S S 
1 10 - - - -        S     S  
1 4 - - - - -       S     S  
1 3b - - - - - -      S    S   
1 1 - - - - - - -     S    S   
1 24 - - - - - - - -     S    S  
1 23 - - - - - - - - -    S    S  
2 17 - - - - - - - - - -  S     S  
2 18 - - - - - - - - - - -      S  
2 V4 - - - - - - - - - - - - S S S  S S 
2 10 - - - - - - - - - - - - -   S   
2 4 - - - - - - - - - - - - - -  S   
2 3b - - - - - - - - - - - - - - - S   
2 1 - - - - - - - - - - - - - - - - S S 
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
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LAYER III 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                  
1 18 - -                 
1 V4 - - -                
1 10 - - - -               
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER IV 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -    -         -     
1 18 - -   -         -     
1 V4 - - -  -         -     
1 10 - - - - -         -     
1 4 - - - - - - - - - - - - - - - - - - 
1 3b - - - - - -        -     
1 1 - - - - - - -       -     
1 24 - - - - - - - -      -     
1 23 - - - - - - - - -     -     
2 17 - - - - - - - - - -    -     
2 18 - - - - - - - - - - -   -     
2 V4 - - - - - - - - - - - -  -     
2 10 - - - - - - - - - - - - - -     
2 4 - - - - - - - - - - - - - - - - - - 
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  281 
 
LAYER V 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                  
1 18 - -  S   S S        S   
1 V4 - - - S               
1 10 - - - - S S   S S S S S S S   S 
1 4 - - - - -  S S        S   
1 3b - - - - - -  S           
1 1 - - - - - - -       S     
1 24 - - - - - - - -      S    S 
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -  S S  
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -  S 
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER VI 
Baboon  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 - S  S S S  S  S   S   S   
1 18 - -  S   S S  S S  S  S S S  
1 V4 - - - S   S S   S  S  S S S  
1 10 - - - - S S S  S S S S  S    S 
1 4 - - - - -  S S S S S S S  S S S  
1 3b - - - - - - S S S  S S S  S S S  
1 1 - - - - - - -      S S  S   
1 24 - - - - - - - - S  S S  S    S 
1 23 - - - - - - - - -    S  S S S  
2 17 - - - - - - - - - -    S    S 
2 18 - - - - - - - - - - -  S S  S   
2 V4 - - - - - - - - - - - - S   S S  
2 10 - - - - - - - - - - - - - S    S 
2 4 - - - - - - - - - - - - - - S S S  
2 3b - - - - - - - - - - - - - - -   S 
2 1 - - - - - - - - - - - - - - - -  S 
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
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Appendix B Table 1. Statistical tables showing significant differences and similarities 
obtained when examining cortical layers in the same cortical areas of the same animals 
for all areas examined for all stains.  All significant differences are indicated with an S. 
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Nissl Staining 
Area 17 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -   S 
1 IV - - - -   
1 V - - - - - S 
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - - S   
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 18 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -   S  
1 III - - -    
1 IV - - - - S  
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area V4 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - - S  
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - - S  
2 V - - - - -  
2 VI - - - - - - 
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Area 10 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 4 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S - S  
1 II - -  -   
1 III - - - -  S 
1 IV - - - - - - 
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S - S S 
2 II - -  -   
2 III - - - -   
2 IV - - - - - - 
2 V - - - - -  
2 VI - - - - - - 
 
Area 3b 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -  S  
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 1 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -   S  
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 24 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S  
2 II - -    S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 23 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Myelin Staining 
Area 17 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S  S S  
1 II - - S S S S 
1 III - - - S S  
1 IV - - - - S S 
1 V - - - - - S 
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - - S S S S 
2 III - - -    
2 IV - - - - S  
2 V - - - - -  
2 VI - - - - - - 
 
Area 18 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S   S S 
1 II - - S S S S 
1 III - - -   S 
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - - S S S S 
2 III - - -   S 
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area V4 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S     
1 II - - S S S S 
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - - S S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 10 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - - S S S S 
1 III - - -  S S 
1 IV - - - -  S 
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - - S S S S 
2 III - - -   S 
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 4 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S - S S 
1 II - - S - S S 
1 III - - - -   
1 IV - - - - - - 
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S - S S 
2 II - - S - S S 
2 III - - - -   
2 IV - - - - - - 
2 V - - - - -  
2 VI - - - - - - 
 
Area 3b 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - - S S S S 
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - - S S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 1 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - - S S S S 
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - - S S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 24 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S   S S 
1 II - - S S S S 
1 III - - -  S S 
1 IV - - - - S S 
1 V - - - - - S 
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S S S S 
2 II - - S S S S 
2 III - - - S S S 
2 IV - - - -  S 
2 V - - - - - S 
2 VI - - - - - - 
 
Area 23 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - - S S S S 
1 III - - - S S S 
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - - S S S S 
2 III - - - S S S 
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Map-2 Staining 
Area 17 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 18 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area V4 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 10 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 4 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 3b 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -    S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 1 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S     
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 24 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -     S 
2 II - -   S S 
2 III - - -  S S 
2 IV - - - -  S 
2 V - - - - -  
2 VI - - - - - - 
 
Area 23 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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GFAP Staining 
Area 17 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -   S 
1 IV - - - -  S 
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -    S 
2 III - - -   S 
2 IV - - - -  S 
2 V - - - - - S 
2 VI - - - - - - 
 
Area 18 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area V4 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 10 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -    S 
1 III - - -   S 
1 IV - - - -  S 
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 4 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S - S S 
1 II - -  -   
1 III - - - -   
1 IV - - - - - - 
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S - S S 
2 II - -  -   
2 III - - - -   
2 IV - - - - - - 
2 V - - - - -  
2 VI - - - - - - 
 
Area 3b 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 1 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 24 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -    S 
1 III - - -   S 
1 IV - - - -  S 
1 V - - - - - S 
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - - S S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 23 
Vervet  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Vervet  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Appendix B Table 2. Statistical tables showing significant differences and similarities in 
profile counts obtained when examining the same layers across cortical areas in the same 
or a different animal for all cortical areas examined for all stains. All significant 
differences are indicated with an S. 
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Nissl Staining 
LAYER I 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                  
1 18 - -                 
1 V4 - - -                
1 10 - - - -               
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER II 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -  S S S   S S  S  S S  S S S 
1 18 - -  S S   S S    S     S 
1 V4 - - -                
1 10 - - - -   S   S  S       
1 4 - - - - -     S  S       
1 3b - - - - - -             
1 1 - - - - - - -            
1 24 - - - - - - - -  S         
1 23 - - - - - - - - - S         
2 17 - - - - - - - - - -   S S    S 
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -      S 
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  297 
 
LAYER III 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -   S    S S  S   S    S 
1 18 - -                 
1 V4 - - -                
1 10 - - - -      S     S    
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - - S    
2 3b - - - - - - - - - - - - - - -   S 
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER IV 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -   S - S  S      - S  S S 
1 18 - -  S - S  S      - S  S S 
1 V4 - - - S - S  S      -   S S 
1 10 - - - - -     S  S  -     
1 4 - - - - - - - - - - - - - - - - - - 
1 3b - - - - - -    S  S  -     
1 1 - - - - - - -   S  S  -     
1 24 - - - - - - - -  S  S  -     
1 23 - - - - - - - - - S    -     
2 17 - - - - - - - - - - S  S - S S S S 
2 18 - - - - - - - - - - -   -     
2 V4 - - - - - - - - - - - -  - S  S S 
2 10 - - - - - - - - - - - - - -     
2 4 - - - - - - - - - - - - - - - - - - 
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  298 
 
LAYER V 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 - S S S S S S    S S  S S S S  
1 18 - -                 
1 V4 - - -                
1 10 - - - -    S  S         
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER VI 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 - S S S S S S S S  S S S S S S S S 
1 18 - -   S     S       S  
1 V4 - - - S S         S   S  
1 10 - - - -     S S  S       
1 4 - - - - -    S S S S S      
1 3b - - - - - -    S         
1 1 - - - - - - -   S         
1 24 - - - - - - - -  S         
1 23 - - - - - - - - - S         
2 17 - - - - - - - - - - S  S S S S S S 
2 18 - - - - - - - - - - -      S  
2 V4 - - - - - - - - - - - -   S  S  
2 10 - - - - - - - - - - - - -    S  
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
  
  299 
Myelin Staining 
LAYER I 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -   S S S S S S    S  S  S S 
1 18 - -  S S S S S S    S  S S S S 
1 V4 - - - S S S S S S    S  S S S S 
1 10 - - - - S S S  S S S S  S  S S  
1 4 - - - - -   S     S S S  S S 
1 3b - - - - - -  S     S S   S S 
1 1 - - - - - - - S     S S S  S S 
1 24 - - - - - - - -  S S S   S S S S 
1 23 - - - - - - - - - S S S  S  S S S 
2 17 - - - - - - - - - -   S  S  S S 
2 18 - - - - - - - - - - -  S  S  S S 
2 V4 - - - - - - - - - - - - S  S  S S 
2 10 - - - - - - - - - - - - - S  S S  
2 4 - - - - - - - - - - - - - - S  S S 
2 3b - - - - - - - - - - - - - - -  S S 
2 1 - - - - - - - - - - - - - - - - S S 
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER II 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -  S     S  S S S S  S  S S 
1 18 - -      S  S S S S  S  S S 
1 V4 - - - S  S  S S S S S S  S  S S 
1 10 - - - - S  S S    S S   S S S 
1 4 - - - - -   S S S S S S  S  S S 
1 3b - - - - - -  S  S S S S  S  S S 
1 1 - - - - - - - S S S S S S  S  S S 
1 24 - - - - - - - - S     S  S   
1 23 - - - - - - - - -    S   S S S 
2 17 - - - - - - - - - -    S  S S S 
2 18 - - - - - - - - - - -   S  S S  
2 V4 - - - - - - - - - - - -  S  S S  
2 10 - - - - - - - - - - - - - S  S S  
2 4 - - - - - - - - - - - - - -   S S 
2 3b - - - - - - - - - - - - - - - S S S 
2 1 - - - - - - - - - - - - - - - - S S 
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  300 
 
LAYER III 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -   S S  S S      S  S S S 
1 18 - -  S    S         S S 
1 V4 - - - S    S S        S S 
1 10 - - - - S S S  S S S S S S S S S  
1 4 - - - - -   S S    S    S S 
1 3b - - - - - -  S S        S S 
1 1 - - - - - - - S S    S    S S 
1 24 - - - - - - - - S S S S S S S S S S 
1 23 - - - - - - - - -   S  S S S S  
2 17 - - - - - - - - - -       S S 
2 18 - - - - - - - - - - -      S S 
2 V4 - - - - - - - - - - - - S    S S 
2 10 - - - - - - - - - - - - - S S S S  
2 4 - - - - - - - - - - - - - - S  S S 
2 3b - - - - - - - - - - - - - - -  S S 
2 1 - - - - - - - - - - - - - - - - S S 
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER IV 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -   S -   S      -   S  
1 18 - -  S -   S      -   S  
1 V4 - - - S -   S      -   S  
1 10 - - - - - S S S S S S S S - S S S  
1 4 - - - - - - - - - - - - - - - - - - 
1 3b - - - - - -  S      -   S S 
1 1 - - - - - - - S      -   S S 
1 24 - - - - - - - - S S S S S - S S  S 
1 23 - - - - - - - - -     -   S  
2 17 - - - - - - - - - -    -   S S 
2 18 - - - - - - - - - - -   -   S S 
2 V4 - - - - - - - - - - - -  -   S S 
2 10 - - - - - - - - - - - - - -   S  
2 4 - - - - - - - - - - - - - - - - - - 
2 3b - - - - - - - - - - - - - - -  S S 
2 1 - - - - - - - - - - - - - - - - S S 
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  301 
 
LAYER V 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 - S  S S S S  S S S S S S S S  S 
1 18 - -  S    S  S       S S 
1 V4 - - - S    S         S S 
1 10 - - - - S  S    S S  S S S S  
1 4 - - - - -   S  S       S S 
1 3b - - - - - -  S         S  
1 1 - - - - - - - S  S       S S 
1 24 - - - - - - - - S S S S S S S S S S 
1 23 - - - - - - - - -        S  
2 17 - - - - - - - - - - S S  S  S S  
2 18 - - - - - - - - - - -      S S 
2 V4 - - - - - - - - - - - -     S S 
2 10 - - - - - - - - - - - - -    S  
2 4 - - - - - - - - - - - - - -   S S 
2 3b - - - - - - - - - - - - - - -  S S 
2 1 - - - - - - - - - - - - - - - - S S 
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER VI 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 - S S S S S S  S S S S  S S S   
1 18 - -               S  
1 V4 - - -              S  
1 10 - - - -             S  
1 4 - - - - -            S  
1 3b - - - - - -           S  
1 1 - - - - - - -          S  
1 24 - - - - - - - -           
1 23 - - - - - - - - -        S  
2 17 - - - - - - - - - -       S  
2 18 - - - - - - - - - - -      S  
2 V4 - - - - - - - - - - - -     S  
2 10 - - - - - - - - - - - - -    S  
2 4 - - - - - - - - - - - - - -   S  
2 3b - - - - - - - - - - - - - - -  S  
2 1 - - - - - - - - - - - - - - - - S  
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
  
  302 
MAP-2 Staining 
LAYER I 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -     S             
1 18 - -                 
1 V4 - - -   S             
1 10 - - - - S S S            
1 4 - - - - -      S S S    S  
1 3b - - - - - -  S  S S S S S S  S S 
1 1 - - - - - - -     S S    S  
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER II 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -    S S             
1 18 - -                 
1 V4 - - -  S S             
1 10 - - - - S S             
1 4 - - - - -  S  S   S S      
1 3b - - - - - - S  S   S       
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  303 
 
LAYER III 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -     S             
1 18 - -                 
1 V4 - - -   S             
1 10 - - - -               
1 4 - - - - -    S          
1 3b - - - - - -   S          
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER IV 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -    -         -     
1 18 - -   -         -     
1 V4 - - -  -         -     
1 10 - - - - -         -     
1 4 - - - - - - - - - - - - - - - - - - 
1 3b - - - - - -  S      -     
1 1 - - - - - - - S      -     
1 24 - - - - - - - -      -     
1 23 - - - - - - - - -     -     
2 17 - - - - - - - - - -    -     
2 18 - - - - - - - - - - -   -     
2 V4 - - - - - - - - - - - -  -     
2 10 - - - - - - - - - - - - - -     
2 4 - - - - - - - - - - - - - - - - - - 
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  304 
 
LAYER V 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -    S              
1 18 - -                 
1 V4 - - -              S  
1 10 - - - -             S  
1 4 - - - - -   S S S S S     S  
1 3b - - - - - -  S S        S  
1 1 - - - - - - - S S        S  
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -   S  
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - - S  
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER VI 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -        S        S  
1 18 - -               S  
1 V4 - - -              S  
1 10 - - - -             S  
1 4 - - - - -    S        S  
1 3b - - - - - -           S  
1 1 - - - - - - -          S  
1 24 - - - - - - - -  S         
1 23 - - - - - - - - - S         
2 17 - - - - - - - - - -       S S 
2 18 - - - - - - - - - - -      S  
2 V4 - - - - - - - - - - - -     S  
2 10 - - - - - - - - - - - - -    S  
2 4 - - - - - - - - - - - - - -   S  
2 3b - - - - - - - - - - - - - - -  S  
2 1 - - - - - - - - - - - - - - - - S  
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
  
  305 
GFAP Staining 
LAYER I 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -       S S    S    S  
1 18 - -       S    S   S S  
1 V4 - - -     S S    S    S  
1 10 - - - -    S S    S    S  
1 4 - - - - -    S  S     S S  
1 3b - - - - - -   S    S   S S  
1 1 - - - - - - -  S       S S  
1 24 - - - - - - - -   S S    S S S 
1 23 - - - - - - - - - S S S  S S S S S 
2 17 - - - - - - - - - -      S S  
2 18 - - - - - - - - - - -  S  S  S  
2 V4 - - - - - - - - - - - - S    S  
2 10 - - - - - - - - - - - - - S  S S S 
2 4 - - - - - - - - - - - - - -  S S  
2 3b - - - - - - - - - - - - - - - S S  
2 1 - - - - - - - - - - - - - - - - S  
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER II 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                S  
1 18 - -               S  
1 V4 - - -              S  
1 10 - - - -             S  
1 4 - - - - -            S  
1 3b - - - - - -           S  
1 1 - - - - - - -          S  
1 24 - - - - - - - -         S  
1 23 - - - - - - - - -        S  
2 17 - - - - - - - - - -       S  
2 18 - - - - - - - - - - -      S  
2 V4 - - - - - - - - - - - -     S  
2 10 - - - - - - - - - - - - -    S  
2 4 - - - - - - - - - - - - - -   S  
2 3b - - - - - - - - - - - - - - -  S  
2 1 - - - - - - - - - - - - - - - - S  
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  306 
 
LAYER III 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                  
1 18 - -                 
1 V4 - - -                
1 10 - - - -               
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER IV 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -    -         -     
1 18 - -   -         -     
1 V4 - - -  -         -     
1 10 - - - - -         -     
1 4 - - - - - - - - - - - - - - - - - - 
1 3b - - - - - -        -     
1 1 - - - - - - -       -     
1 24 - - - - - - - -      -     
1 23 - - - - - - - - -     -     
2 17 - - - - - - - - - -    -     
2 18 - - - - - - - - - - -   -     
2 V4 - - - - - - - - - - - -  -     
2 10 - - - - - - - - - - - - - -     
2 4 - - - - - - - - - - - - - - - - - - 
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  307 
 
LAYER V 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                  
1 18 - -                 
1 V4 - - -                
1 10 - - - -               
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER VI 
Vervet  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -  S   S     S S S S S S  S 
1 18 - -      S  S         
1 V4 - - - S    S  S         
1 10 - - - -  S     S S S S S S  S 
1 4 - - - - -   S  S         
1 3b - - - - - -  S  S         
1 1 - - - - - - - S  S         
1 24 - - - - - - - - S  S S S S S S S S 
1 23 - - - - - - - - - S         
2 17 - - - - - - - - - - S S S S S S S S 
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
  308 
 
 
 
 
 
Appendix C Table 1. Statistical tables showing significant differences and similarities 
obtained when examining cortical layers in the same cortical areas of the same animals 
for all areas examined and all stains.  All significant differences are indicated with an S. 
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Nissl Staining 
Area 17 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 18 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S   
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area V4 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 10 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S  S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S  S S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 4 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S - S  
1 II - -  -   
1 III - - - -   
1 IV - - - - - - 
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S - S  
2 II - -  -   
2 III - - - -   
2 IV - - - - - - 
2 V - - - - -  
2 VI - - - - - - 
 
Area 3b 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S  S  
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S  S 
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 1 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S  S S 
1 II - - S    
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S S S  
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 24 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S  S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -    S  
2 II - -   S  
2 III - - -    
2 IV - - - - S  
2 V - - - - -  
2 VI - - - - - - 
 
Area 23 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -     S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S    
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Myelin Staining 
Area 17 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - - S S S S 
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S S S S 
2 II - - S S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 18 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - - S S S S 
1 III - - -  S S 
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S S S S 
2 II - - S S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area V4 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - - S S S S 
1 III - - -   S 
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S S S S 
2 II - - S S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 10 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - - S S S S 
1 III - - -  S S 
1 IV - - - -  S 
1 V - - - - - S 
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S S S S 
2 II - - S S S S 
2 III - - -   S 
2 IV - - - -  S 
2 V - - - - -  
2 VI - - - - - - 
 
Area 4 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S - S S 
1 II - - S - S S 
1 III - - - -   
1 IV - - - - - - 
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S - S S 
2 II - - S - S S 
2 III - - - -   
2 IV - - - - - - 
2 V - - - - -  
2 VI - - - - - - 
 
Area 3b 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - - S S S S 
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S S S S 
2 II - - S S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
 
 
  314 
Area 1 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - - S S S S 
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S S S S 
2 II - - S S S S 
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 24 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -   S S S 
1 II - - S S S S 
1 III - - - S S S 
1 IV - - - - S S 
1 V - - - - - S 
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -   S S S 
2 II - - S S S S 
2 III - - -  S S 
2 IV - - - - S S 
2 V - - - - - S 
2 VI - - - - - - 
 
Area 23 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - - S S S S 
1 III - - -  S S 
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S S S S 
2 II - - S S S S 
2 III - - -   S 
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
 
 
 
  315 
MAP-2 Staining 
Area 17 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 18 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S    
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area V4 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Area 10 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 4 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 3b 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
 
 
 
  317 
Area 1 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 24 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 23 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -      
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
 
 
 
  318 
GFAP Staining 
Area 17 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S  
1 II - - S S S  
1 III - - -   S 
1 IV - - - -  S 
1 V - - - - - S 
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -     S 
2 II - -     
2 III - - -  S S 
2 IV - - - -  S 
2 V - - - - - S 
2 VI - - - - - - 
 
Area 18 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -    S 
2 III - - -   S 
2 IV - - - -  S 
2 V - - - - -  
2 VI - - - - - - 
 
Area V4 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -     S 
2 II - -    S 
2 III - - -   S 
2 IV - - - -  S 
2 V - - - - -  
2 VI - - - - - - 
 
 
 
  319 
Area 10 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 4 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S - S S 
1 II - - S - S S 
1 III - - - -   
1 IV - - - - - - 
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S S - S S 
2 II - -  -   
2 III - - - -   
2 IV - - - - - - 
2 V - - - - -  
2 VI - - - - - - 
 
Area 3b 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - - S S S S 
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -  S S S  
2 II - -     
2 III - - -    
2 IV - - - -  S 
2 V - - - - -  
2 VI - - - - - - 
 
 
 
 
  320 
Area 1 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - - S S S S 
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -    S 
2 III - - -   S 
2 IV - - - -  S 
2 V - - - - -  
2 VI - - - - - - 
 
Area 24 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I -  S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I -      
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
 
Area 23 
Chimp  1 1 1 1 1 1 
 Layer I II III IV V VI 
1 I - S S S S S 
1 II - -     
1 III - - -    
1 IV - - - -   
1 V - - - - -  
1 VI - - - - - - 
        
Chimp  2 2 2 2 2 2 
 Layer I II III IV V VI 
2 I - S   S  
2 II - -     
2 III - - -    
2 IV - - - -   
2 V - - - - -  
2 VI - - - - - - 
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Appendix C Table 2. Statistical tables showing significant differences and similarities in 
profile counts obtained when examining the same layers across cortical areas in the same 
or a different animal for all cortical areas examined and all stains. All significant 
differences are indicated with an S. 
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Nissl Staining 
LAYER I 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                  
1 18 - -                 
1 V4 - - -                
1 10 - - - -               
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER II 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                  
1 18 - -        S         
1 V4 - - -                
1 10 - - - -      S         
1 4 - - - - -     S         
1 3b - - - - - -    S         
1 1 - - - - - - -   S         
1 24 - - - - - - - -  S         
1 23 - - - - - - - - -        S  
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
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LAYER III 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                  
1 18 - -                 
1 V4 - - -                
1 10 - - - -               
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER IV 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -    -         -     
1 18 - -   -         -     
1 V4 - - -  -         -     
1 10 - - - - -         -     
1 4 - - - - - - - - - - - - - - - - - - 
1 3b - - - - - -        -     
1 1 - - - - - - -       -     
1 24 - - - - - - - -      -     
1 23 - - - - - - - - -     -     
2 17 - - - - - - - - - -    -     
2 18 - - - - - - - - - - -   -     
2 V4 - - - - - - - - - - - -  -     
2 10 - - - - - - - - - - - - - -     
2 4 - - - - - - - - - - - - - - - - - - 
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
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LAYER V 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                  
1 18 - -                 
1 V4 - - -                
1 10 - - - -               
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - -          S  
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -      S  
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER VI 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                  
1 18 - -                 
1 V4 - - -                
1 10 - - - -               
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  325 
Myelin Staining 
LAYER I 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -  S S    S     S S   S  
1 18 - -  S S S       S S   S  
1 V4 - - -  S S S    S S  S S S  S 
1 10 - - - - S S S  S S S S  S S S  S 
1 4 - - - - -   S S S   S S   S  
1 3b - - - - - -  S S S   S S   S  
1 1 - - - - - - - S     S S   S  
1 24 - - - - - - - - S  S S  S S S  S 
1 23 - - - - - - - - -    S S   S  
2 17 - - - - - - - - - -   S S S  S  
2 18 - - - - - - - - - - -  S S   S  
2 V4 - - - - - - - - - - - - S S   S  
2 10 - - - - - - - - - - - - - S S S  S 
2 4 - - - - - - - - - - - - - - S S  S 
2 3b - - - - - - - - - - - - - - -  S  
2 1 - - - - - - - - - - - - - - - - S  
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER II 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -   S S S S S   S S  S   S  
1 18 - -  S S  S    S S S S   S  
1 V4 - - - S S  S S   S S S S   S  
1 10 - - - - S S S  S S S S  S S S  S 
1 4 - - - - -   S S    S S   S S 
1 3b - - - - - -  S S    S S   S S 
1 1 - - - - - - - S S S   S S   S S 
1 24 - - - - - - - -  S S S  S S S  S 
1 23 - - - - - - - - -  S S  S S S   
2 17 - - - - - - - - - - S S S S   S  
2 18 - - - - - - - - - - -  S S   S S 
2 V4 - - - - - - - - - - - - S    S S 
2 10 - - - - - - - - - - - - - S S S   
2 4 - - - - - - - - - - - - - - S S S S 
2 3b - - - - - - - - - - - - - - -  S  
2 1 - - - - - - - - - - - - - - - - S  
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  326 
 
LAYER III 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -   S    S S        S  
1 18 - -  S S S S S  S  S  S  S S  
1 V4 - - - S S S S S  S  S  S  S S  
1 10 - - - - S S S  S S S S S S S   S 
1 4 - - - - -   S S  S      S  
1 3b - - - - - -  S S  S      S  
1 1 - - - - - - - S S        S  
1 24 - - - - - - - - S S S S S S S S  S 
1 23 - - - - - - - - - S S   S S S S  
2 17 - - - - - - - - - -       S  
2 18 - - - - - - - - - - -   S   S  
2 V4 - - - - - - - - - - - -     S  
2 10 - - - - - - - - - - - - - S   S  
2 4 - - - - - - - - - - - - - -   S S 
2 3b - - - - - - - - - - - - - - -  S  
2 1 - - - - - - - - - - - - - - - - S  
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER IV 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 - S  S -   S      -   S  
1 18 - -  S - S S S    S  -  S S  
1 V4 - - - S -   S    S  -   S  
1 10 - - - - - S S  S S S S S - S S  S 
1 4 - - - - - - - - - - - - - - - - - - 
1 3b - - - - - -  S S     -   S  
1 1 - - - - - - - S S     -   S  
1 24 - - - - - - - - S S S S S - S S  S 
1 23 - - - - - - - - -   S  -  S S  
2 17 - - - - - - - - - -    -   S  
2 18 - - - - - - - - - - - S  -   S  
2 V4 - - - - - - - - - - - - S -   S  
2 10 - - - - - - - - - - - - - -   S  
2 4 - - - - - - - - - - - - - - - - - - 
2 3b - - - - - - - - - - - - - - -  S  
2 1 - - - - - - - - - - - - - - - - S  
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  327 
 
LAYER V 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -   S             S  
1 18 - -  S    S         S  
1 V4 - - - S          S   S  
1 10 - - - - S S S  S S  S S S S S  S 
1 4 - - - - -   S         S  
1 3b - - - - - -  S   S      S  
1 1 - - - - - - - S         S  
1 24 - - - - - - - -    S S S S S  S 
1 23 - - - - - - - - -     S   S  
2 17 - - - - - - - - - -       S  
2 18 - - - - - - - - - - - S  S  S S  
2 V4 - - - - - - - - - - - -     S  
2 10 - - - - - - - - - - - - -    S  
2 4 - - - - - - - - - - - - - -   S  
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - - S  
2 24 - - - - - - - - - - - - - - - - - S 
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER VI 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -           S S S    S 
1 18 - -                 
1 V4 - - -                
1 10 - - - -               
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  328 
MAP-2 Staining 
LAYER I 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -      S            
1 18 - -                 
1 V4 - - - S         S    S S 
1 10 - - - -   S            
1 4 - - - - -  S            
1 3b - - - - - -             
1 1 - - - - - - -  S S  S S  S  S S 
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER II 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -   S               
1 18 - -  S               
1 V4 - - - S             S  
1 10 - - - -  S S            
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - - S     S    S  
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  329 
 
LAYER III 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -          S      S  
1 18 - -         S      S  
1 V4 - - -        S S S    S  
1 10 - - - -               
1 4 - - - - -      S      S  
1 3b - - - - - -     S      S  
1 1 - - - - - - -    S        
1 24 - - - - - - - -           
1 23 - - - - - - - - -  S        
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -   S     
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -   S  
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER IV 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -    -      S S  -   S  
1 18 - -   -         -     
1 V4 - - - S -      S S  -  S S  
1 10 - - - - -      S   -     
1 4 - - - - - - - - - - - - - - - - - - 
1 3b - - - - - -        -     
1 1 - - - - - - -       -     
1 24 - - - - - - - -      -     
1 23 - - - - - - - - -     -     
2 17 - - - - - - - - - -    -     
2 18 - - - - - - - - - - -   -     
2 V4 - - - - - - - - - - - -  -     
2 10 - - - - - - - - - - - - - -     
2 4 - - - - - - - - - - - - - - - - - - 
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  330 
 
LAYER V 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                  
1 18 - -  S    S   S S    S S  
1 V4 - - - S    S   S S S   S S  
1 10 - - - -               
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER VI 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                  
1 18 - -          S       
1 V4 - - -                
1 10 - - - -               
1 4 - - - - -              
1 3b - - - - - -             
1 1 - - - - - - -            
1 24 - - - - - - - -           
1 23 - - - - - - - - -          
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  331 
GFAP Staining 
LAYER I 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 - S  S S S  S  S S S S  S S S S 
1 18 - -  S  S  S S S S S S S S S S S 
1 V4 - - - S S S  S  S S S S  S S S S 
1 10 - - - - S S S      S    S  
1 4 - - - - -   S S S S S S S S S S S 
1 3b - - - - - - S S S S S S S S S S S S 
1 1 - - - - - - - S S S S S S S S S S S 
1 24 - - - - - - - - S     S S    
1 23 - - - - - - - - -  S S S   S S  
2 17 - - - - - - - - - -   S      
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -  S     
2 10 - - - - - - - - - - - - - S S   S 
2 4 - - - - - - - - - - - - - -  S S  
2 3b - - - - - - - - - - - - - - -  S  
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER II 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -  S S    S S  S  S S  S S S 
1 18 - -    S S            
1 V4 - - -  S S S        S    
1 10 - - - - S S S            
1 4 - - - - -   S S  S  S S  S S S 
1 3b - - - - - -  S S S S S S S S S S S 
1 1 - - - - - - - S S S S  S S  S S S 
1 24 - - - - - - - -           
1 23 - - - - - - - - -      S    
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -  S    
2 4 - - - - - - - - - - - - - -     
2 3b - - - - - - - - - - - - - - - S S  
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  332 
 
LAYER III 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -                  
1 18 - -                S 
1 V4 - - -               S 
1 10 - - - -              S 
1 4 - - - - -             S 
1 3b - - - - - -             
1 1 - - - - - - -           S 
1 24 - - - - - - - -          S 
1 23 - - - - - - - - -         S 
2 17 - - - - - - - - - -         
2 18 - - - - - - - - - - -        
2 V4 - - - - - - - - - - - -       
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -    S 
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -  S 
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER IV 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -    -         -     
1 18 - -   -         -     
1 V4 - - -  -         -     
1 10 - - - - -     S  S  -     
1 4 - - - - - - - - - - - - - - - - - - 
1 3b - - - - - -    S    -     
1 1 - - - - - - -       -     
1 24 - - - - - - - -  S  S  -     
1 23 - - - - - - - - - S    -     
2 17 - - - - - - - - - -    -     
2 18 - - - - - - - - - - -   -     
2 V4 - - - - - - - - - - - -  -     
2 10 - - - - - - - - - - - - - -     
2 4 - - - - - - - - - - - - - - - - - - 
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
  333 
 
LAYER V 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 -         S S        
1 18 - -        S S S       
1 V4 - - -       S S S       
1 10 - - - -      S S S    S   
1 4 - - - - -     S S S    S   
1 3b - - - - - -    S S S    S   
1 1 - - - - - - -   S S S       
1 24 - - - - - - - -  S S S    S   
1 23 - - - - - - - - - S S S    S   
2 17 - - - - - - - - - -   S S S  S S 
2 18 - - - - - - - - - - -   S     
2 V4 - - - - - - - - - - - -  S     
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - -  S   
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
LAYER VI 
Chimp  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 
 Area 17 18 V4 10 4 3b 1 24 23 17 18 V4 10 4 3b 1 24 23 
1 17 - S S S S S S S S    S S   S S 
1 18 - -        S S S       
1 V4 - - -     S  S  S       
1 10 - - - -      S S S   S S   
1 4 - - - - -     S S S   S S   
1 3b - - - - - -    S S S   S S   
1 1 - - - - - - -   S S S   S S   
1 24 - - - - - - - -  S S S   S S S  
1 23 - - - - - - - - - S S S   S S   
2 17 - - - - - - - - - - S  S S S S S S 
2 18 - - - - - - - - - - -  S S    S 
2 V4 - - - - - - - - - - - - S S   S S 
2 10 - - - - - - - - - - - - -      
2 4 - - - - - - - - - - - - - - S    
2 3b - - - - - - - - - - - - - - -    
2 1 - - - - - - - - - - - - - - - -   
2 24 - - - - - - - - - - - - - - - - -  
2 23 - - - - - - - - - - - - - - - - - - 
 
 
